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PART | 
TARGET TRACKING RADAR RANGING SYSTEM 
CHAPTER 1 


INTRODUCTION 


1. Purpose and Scope 

a. Purpose. The purpose of this text is to present to the officers and technicians who will maintain 
the Nike I systems an understanding of the functions and circuitry of the target-tracking radar range 
and presentation systems. 

b. Scope. This text conteins a complete discussion of the range and presentation systems of the 
target-tracking radar from two viewpoints. First, a block level discussion and, second, a detailed func- 
tional study at schematic level. Each discussion is keyed to a diagram and will explain the diagram. 
The diagram in turn will aid in the understanding ofthe text. Part I of this text will contain the target- 
tracking radar range system and Part Li, the presentation system. 


2. References 

Unless otherwise stated, # reference in this text will be te TM 9-5000-25, Nike I Tracking Rader 
Schematics. ‘This schematic book has figure numbers assigned to each block diagram and schematic 
drawing. The figure numbers in TM 9-5000-25 are all fryphenated, for example, 1-2 or [-2.1. Refer- 
ence to figure numbers that are integers are to figures within this text. ‘The system running sheets 
(TM 9-5000-25) will be referred to by sheet number, i. ¢.. 5if29. For adjustments concerning chessis 
or assemblies contained in this text, refer to TM 9-5000-23, Nike Ground Guidance Cheeks and 
Adjustments. 


3. Range System Operation 


a. General. The major function of the ranging system. is to generate a pulse which is delayed from 
transmittal time by a time accurately proportional to a shaft position. This gencrated pulse is used 
within a closed-loop type serve system io position the brush arm of a selector potentiometer whose output 
voltage will be representative of target slant range. Ine pulse-ccho type radar system, range is deter- 
mined by measuring the time interval between transmission of the r-f pulse from the antenna and its 
reuurt to Uke untenna after reflection from the target. Since the speed of r-f energy in free space is 
known, it is unty neee y to determine the time interval between the transmitted pulse and target 
echo return and make the information available in a usable form. (The velocity of r-f energy is that 
of light, 186,272 miles per second, or 328 yards per microsecond.) For example, assume that a pulse 
is transmitted toward a target which is 16,400 yards distant. When the pulse reaches the target, it has 
traveled 16,460 yards ac the rate of 328 yards per miccosecond, and 50 microseconds have elapsed. 
Phe pulse is reflected with some of the energy being returned to the radar. The return trip, of equal 
distance, requires a second 50-mierosecond period, making the total clapsed time 100 microseconds. 
As the distance traveled by the energy is twice the range of the target, the effective velocity may be con- 
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sidered to be half its true value, or 164 yards per microsecond. Precise range determination requires 
accurate measurement of the extremely short time intervals encountered. The tracking radars measure 
range by introducing an accurately calibrated variable delay between the transmitted pulse and the 
appearance of a movable range marker. his marker is kept in alinement with the receiver echo pulses 
on the tracking scopes by controlling the phase of a sine wave which is synchronized with the transmitted 
pulse. The amount of phase shift determines the time of redevelopment of the movable range marker 
and, therefore, provides a means of measuring time in terms of the period of the sme wave. The phase 
of the sine wave is shifted by rotation of the range handwheel. In this manner, the range notch is 
moved along the baseline of the tracking indicators to the pos‘tion of the target echo. Rotation of the 
range handwheel also positions the track range dials, and the brush arm of the range data potentiometer. 
The brush arm picks off a d-c voltage whose amplitude is proportional to the slant range of the target. 
This slant range voltage is sent to the computer for use in prediction of future position and development 
of steering orders. Whether tracking is manual, aided, or automatic, the principle of operation is similar. 
Thus the phase of the sine wave is shifted, the range notch is moved slong the bascline of the tracking 
indicators, and the range dials and the brush arm of the range data potentiometer are properly positioned. 

b. Funetions. 

(1) The ranging system provides continuous target slant-range data for the computer aud remote 
range dials. 

(2) This system provides various gates, marks, and signals for target-tracking radar receiving and 
presentation systems, 

(3) As determined by the setting of a MAN-AID-AUTO selector switch located on the target- 
tracking radar control drawer at the operator's position, this system may operate in any one 
of three modes. The automatic mode is functionally desirable, due to greater accuracy, but 
either of the other modes may be used when acquiring a target or (racking through interference. 
These three modes will be covered in more detail in the discussion of the range servo circuits. 

¢. Overall Block. Figure i-2.1 shows the relationship of the range system to the other major blocks 
of the target-tracking radar. It is suggested that the reader makes and retains a mental picture of this 
figure to facilitate a proper understanding of the range system. As can be seen from figure 1, the range 
system can be broken down into three major parts when the range system: is used im automatic operation. 
These are the range determination circuits, automatic ranging cirenits, and the range servo circuits. 
(The range slew circuits, range calibrator, and the contro] circuitry is discussed in chapters 6, 7, and 8 
respectively, of this text.) 

The range determination circuits generate a calibrated, variable radar rauge mark. In automatic range 
tracking, this range is compared to the target range in the automatic ranging circuits. The range servo 
cirenits then adjust the range determination circuits until the generated radar range is equal to the 
target range. The range mark can then be used to supply target range data. From figure 2 it is ap- 
parent that the range system cau be further broken down into eight major sub-assemblies. (PSA 
G and 7 are identical units.) 

Each will be discussed in detail along with its relationship to the other units. Which of these units are 
used to position the range system at any particular time is determined by switch and relay action, or 
in other words, by mode of operation. The slew contro] circuits position the system when acquiring a 
target from the acquisition radar, or during manual slewing. The range calibrator is used only durmg 
the range calibration procedure. ‘The handwheel assembly and LPSA 7 are used in manual and aided 
operation. The range error detector, range modulator, and LPS.\ 6 drive the rauge servo in automatic 
operation. The ATC unit will cause the system to coast on stored rates if the target is lost during auto- 
matic tracking. The range unit assembly consists of: the timing wave generator; the range mark gen- 
erator; numerous motors, synchros, dials, gears, and tachometers. Also contained in this assembly 
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Figure t. Target ranging system, functional block diagram. 


is the range date potentiometer from which is obtained the slant range voltage that js necessary for 
computer functioning. The range unit assemblies are located in the radar range and receiver cabinet. 
(Both target and missile radars use identical assemblies.) The range system determines the range 
setting of the target-tracking radar and thereby the range input to the computer. The range unit 
assembly, an integral part of the range system, develops signals which are the basis for range determina- 
tion. The outputs of this unit are used to trigger the expansion pulse channel of the range error detector; 
to help produce the electronic cross; to gate the precision indicator of the radar control trailer in range; 
and when the ACQUIRE switch is operated, to cause the target range system to slow to ihe range 
setting of the acquisition radar. 
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&. Feedback Network. The phase-shift expacitor C9 may be considered as a coupling capacitor. Its 
capacitance is small and would not normally be a good coupling circuit. However. to improve this 
deficiency, feedback is used to increase the input impedance of V5A and the time constant of this coupling 
eirenit. 

f. Selector Potentiometer. The sctector potentiometer R19 is helically wound and driven by gearing 
from the phase shift capacitor. The output is 2 d-e voltage which is applied to the phantastron cireuit 
of the range mark generator. This voltage allows the expansion pulse and the range marks to be moved 
continuously m range. Tf this voltage should fail, the expansion pulse and range mark wouki move m 
range, then jump 2,000 yards in the opposite direction, always remaining within a 2,000 yard interval. 

gy. Calibrate Synchro. Synchro B3 is used only when the range system is being calibrated. It causes 
the range system to be positioned in 2,000 yards increments. 


5. Range Mark Generator 
(fig. 8-21) 

The range mark generator consists of the pip generator channel, phantastron (variable delay) channel, 
first selector gate generator, first pip selector, range gate generator and cathode follower, the second 
selector gate generator, second pip selector and acquisition track range mark channel. 

a. Pip Generator Channel. This channel consists of amplifier VIA; the positive clipper circuit CRI, 
CR2, CR7, CRS; Squarer V1B; differentiating amplifier V2; and clipper-amplifier ¥2B. The pip 
generator channel squares, then differentiates the timing wave to produce a positive pip whenever the 
timing wave passes through zero in the positive direction. 

b. Phantastron. (Variable delay channel.) The phantasiron has two inputs, the variable voltage 
from sclector potentiometer R19 and the target preknock pulse. The preknock pulse is applied to tube 
V5A whose positive output pulse triggers phantastron V6. The output of V6 is & negative square wave 
whose duration is controlled by the voltage from the selector potentiometer R19. Tube V7A speeds the 
recovery time of the timing capacitor of the phantastron. Tebe VAB serves to clamp the plate of the 
phantastron to the voltage appearing at the brush arm of potentiometer R19. The output of the 
phantastron is differentiated and amplified by V7B and applied to clipper VSA where the positive pulse 
ig clipped. The resultant output is a series of negative pulse which are coincident with the trailing 
edge of the phantastron output waveform. 

¢. First Selector Gate Generator. One-shot multivibrator (VSB and V9A) is triggered by the negative 
pulse from V8A. The negative square wave at the output of V9A is applied to a quarter-cyele oscillator 
72, The negative 11.0 microsecond gate developed by Z2 pped, inverted, and amplified by VOB, 
and then applied to the first pip selector. 

d. First Pip Selector, V10. Tube V10 serves as a coicidenes detector and can conduct only when the 
control and suppressor grids are positive simultancously. Ynasmuch as the positive pips appearing at 
the control grid are separated by 12.2 microseconds, only one of the pips can be coincident with the 11.0 
microsecond gate at the suppressor grid. Due to the phase-shifting capacitor and the pip selector 
potentiometer being driven by the same gear train, the same pip will be gated from zero to maximum 
range. ‘The output is a series of negative pulses which are applied to the range gate generator. 

e. Range Gate Generator Vit and Cathode Follower, VI2A, ‘Tube halves Vi1A and ViiB form a 
one-shot multivibrator. It is triggered by the negative pulse output from Vid. The output of the 
multivibrator is a positive square wave 30 microseconds in duration, or equal to 5,000 yards, This 
signal is applied to cathode follower V12A and to the second selector gate generator. The output 
from the cathode follower is the track range gate (TRGA) and is used to gate the acquisition indicators. 

f. Second Selector Gate Generator V8, Z1 and Second Pip Selector V4. 3A, Z1, and V3B form the 
second selector gate generator which produces a positive 14.0 microsecond pulse starting slightly later 
than the first selected pip due to inherent circuit delays. ‘This pulse is applied to the suppressor grid of 
the second pip selector V4 when switch S2 is in the TARGET position. The train of 2,000 yard pips 
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is applied to the control grid. Tube V4 is a coincidence detector similar to Vi0 and will conduct only 
when both the control and suppressor grids are positive at the same time. This will occur when the pip 
following the first sclected pip appears (12.2 microseconds later). The output of this stage is the track 
range mark (TRMK) and is applied to the range error detector. 

g. Acquisition Track Range ‘Mark Channel. The positive track range gate applied to the input to 
V12B is clipped, amplified, and inverted. This negative 30-microsecond pulse is applied to Z3, a quarter 
cycle oscillator. Z3 yields a negative square wave 44.3 microseconds in duration. This signal is 
amplified by VI3A and V13B. ‘The square wave is differentiated in the plate circuit of V13B and the 
input circuit of Vid. Tube Vi4 is operated near cut off so that the negative pips have little effect upon 
its conduction. The positive pips, however, cause @ surge jn plate current and a positive pulse will 
appear et jack J7. This is the acquisition track range mark (QTRMK). This signal is applied to the 
acquisition indicators. Jt is also applied to the target range slew control unit for use in transferring a 
target from the acquisition radar to the target-tracking radar. 


Section If. DETAILED SCHEMATIC ANALYSIS 


6. Timing Wave Generator 
(fig. 8-3-1) 

a. Main Gate Generator. “Yubes Vi and V2 form ihe main gate generator. VA, VIB and V2B are 
connected as triedes, while V2A is connected as a diode. A variation of circuitry in the multivibrator 
ja that the plates of VIA, ViB, and Y2A are tied to ground and the cathodes are tied to minus 250 volts, 
making ground B-++ for the circuit. The two sections of V1 form the multivibrator, In a quiescent 
condition, ViB is conducting since its grid is returned to B plus. Current flow through resistor R2 
causes the cathode of VIA to be sufficiently positive with respect to the grid that V1A is cut-off. The 
plate of VIA is connected directly to the grid of V2B. Tube V2B functions as a cathode follower so 
that the voltage appearing at the plate of VIA is reproduced at the cathode of V2B and is coupled by 
capacitor C4 to the grid of ViB. When a positive pulse is applied to the grid of V1A, multivibrator 
action takes place, resulting in ViA conducting and V1B being cut-off. V1B is held cut-off duc to the 
discharging of C4 through resistors R6 and R7, the minus 250 volt supply, and resistor R10. When 
capacitor C4 has discharged sufficiently to allow V1B to again conduct, multivibrator action occurs and 
YA is cut-off while VIB conducts. The charge path of capacitor C4 is through V2B, the minus 250 
yolt supply, capacitor C3 and V2A. The cathode of V2A is held at a negative voltage as determined by 
the voltage divider resistors RS and R9. V2A keeps the grid of VIB at this potential when ViB is 
conducting. When VIB is cut-off, the plate of V2A is negative with respect to its cathode end is cut-off. 
When the grid of ViB swings more positive then the cathode of V2A, V2A conducts and quickly charges 
capacitor C4. If V2 were not in the circuit, the charge path of capacitor C4 would include resistor R3, 
the minus 250 volt supply resistor R2, and the grid-to-cathode resistance of VIB. A comparison of 
the two charge paths reveals how the charging time constant of capacitor C4 is shortened by the use of V2. 
‘The output of the multivibrator is taken from the plate of VIA and applied to the 82ke oscillator (V3). 
Capacitor C4 is paralleled by capacitor C5 to enable the multivibrator to produce an output sufficiently 
long for the maximum range of the target-tracking radar. Switch Si is a bus bar connection between 
two terminals. This connection must be made when the unit is used in the target-tracking radar and 
must be open when used in the missile-tracking radar. The main gate potentiometer R6 is used to control 
the duration of the output of the main gate generator. 

b. Oscillator. Tube V3B end Z1 form an oscillator which is activated by the main gate. In the 
quiescent condition, V3A is conducting and the tank circuit Z! cannot oscillate. During this time, cur- 
rent is flowing through the inductor of Zi and tube V3A setting up a magnetic field about the inductor. 
When ¥3A is cut-off by the main gate, the magnetic field collapses, tending to keep the current flowing 
end causing oscillations in the tenk circuit. These oscillations are coupled directly from the tank 
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The four-quadrature stator plates 1, 2, 3, and 4 are of equal area. Collector ring 5 has an 
area equal to the total area of the four stator plates and is parallel to them. All five electrodes, 
the four stator plates and the collector ring, are inserts integrally molded with the insulating 
supporting member. The rotor, a dielectric disc cccentrically mounted on the shaft, is 
located between the stator plates and the collector ring. ‘The capacitance between any one 
stator plate and the collector ring gradually ‘nereases as the space separating both is gradually 
filled with the diclectric material of the rotor. ‘Phe phase relationships of the voltages on the 
various stator plates are shown by vector diagram B of figure 4. When the dielectric rotor 
lies directly between one stator plate and the collector ring, the capacitance between this 
stator plate and the collector rig will be many times greater than the capacitance between 
any of the other stator plates and the collector ring, and the phase of the voltage picked up 
on the collector ring will be very closely the same as that applied to the stator plate. When 
the rotor covers portions of two adjacent stator plates, the phase angle of the voltage picked 
up by the collector rig will depend on the relative magnitude of the voltages picked up frora 
each stator plate. It will He between the phase angles of the two stator plate voltages. The 
vector diagrams in C of figure 4 indicate ihe relationship between the phase of the output 
voltage and the angular rotation of the control shaft. The output voltage is determined by 
the magnitude and phase angle of the vector sum of the four voltages fed from the four stator 
plates to the collector ring. It is seen that this resultant output voltage has a constant ampli- 
tude, represented by the radius of the circle, and a pliase angle equal to the angular displace- 
ment of the rotor from that stator plate whose voltage has zero phase angle. 

d. Feedback Amplifiers V5A and VSB. Phase shift capacitor C9 may be considered as & coupling 
between ‘Tl and the feedback amplifiers. It has a small capacitance, therefore it is not normally a 
geod coupling circuit. ‘To create a better coupling circuit, negative feedback is used between V5B and 
Y5A to increase the input impedance of V5A and the time constant of the coupling cireuit, thereby 
providing better coupling. Degeneration occurs due to the unbypassed cathode resistance of V5A 
and to the feedback from V5B to Y5A. This feedback network consists of resistors R26, R27, capa- 
entors C12 and C13. The feedback effect on the input impedance may be seen by considering first the 
circuit with resistor R20 grounded. For a given input signal, 2 certain amount of current will flow 
through resistor R20 and capacitor K9. When resistor R20 is tied to the jmetion of resistors R22 and 
R23 and the grid swings positive, the cathode also swings positive. Thus, a smaller voltage appears 
across resistor R20 and a small current flows through resistor R20 and capacitor C9. Since the cur- 
rent flow in resistor R20 is less than if it were tied to ground, resistor R20 appears as & higher resistance 
than it actually is and coupling is improved. The entire swing of voltage appearing at the plate of tube 
Y¥5B is coupled across capacitor C13 and developed on resistors R23, R22, R26, and R27. Only that 
portion of the voltage appearing across resistors R22 and R23 is used as feedback. 

e, Selector Potentiometer. Potentiometer R19 is in series with resistors R40 and Rat (in the range 
mark generator) between plus 150 volts and ground. ‘The pick-off arm of potentiometer R19 is posi- 
tioned by the range sysiem gearing and sends a voltage to the phantastron circuit to control its output 
duration. 

4. Calibrate Synchro B3. Synchro B3 positions the range system for calibration purposes when the 
RANGE CALIBRATE-ZERO switch is placed in the CALIBRATE position. Tachometer excitation 
is applied at all times to the rotor and S2 js grounded. When the RANGE CALIBRATE switch is op- 
erated, the voltage appearing at Si, which is tied to S3, is applied to the range coupling network and 
causes the range system to be positioned until zero yoltage appears at S3. If the timing wave frequency 
is correct, the range error meter will show the same deflection for each 2,000 yard change in range. 

g- Mechanical Connections and Gearing of the Range System (fig. 8-4). The phase shift capacitor is 
driven through gearing by the large 512-tooth gear directly connected to the range data potentiometer. 
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Cathode Liniting. Che major difference between this stage ai itasi cou 
stagre nit of 
termination of the eutput waveform of the phantastron, capacitor C19 cha 
approximately equal to the voltage difference between the cathode of Vo and tie brush arn 
of selector potentiometer R19. The charge path is from ground Uirough resistor R47, 
cathode to grid of V6, capacitor C19, from cathode to plate of V7A, and to ground th 
the positive 250 volt supply. This charging current may tend to develop a lransicut peak 
voltage at the cathode of V6. This is prevented by acuion of erystal CRG whose anode is 
eomiected to the cathode of V6 and whose cathode is connected to a large capacitor, C21. 
‘The cathode potential of V6 is prevented from es 
capseitor C2t due to voltage divider action of resistors R106 and RIOT. 
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tude of the voltage 
at the brush arm of potentiometer R19. As this voltage increases, duration of the phanta- 
stron waveform also increases. The d-c control voltage determmes plate voltage magnitude 
of V6 during the quiescent condition (when plate current does not flow in Vos. When this 
plate voltaze is relatively high, the eathode voltage af V7. is aiso high, In Uhis condition. 
the charge across capacitor C19 (which is equal to the potential difference existing betw 
the control grid of V6 and cathode of V7A)j is low. Due to the quiescent controt grid purential 
of V6 being unchanged, charge across capacitor (19 is relatively simall,  Uberefore, the 
quiescent charge across capacitor Ci9 is a dircet function of ghe magnitude of the u-c control 
yoliage obtained from potentiometer Ri9. Application of the preknock pulse initiates t 
phantasiron waveform. During the peried of phantastron waveform, the control grid 
voltage of V6 rises until the increasing plate current, and serecn-grid current. flowing through 
cathode resistor R47, finally increases the cathode voltage false the suppressor-grid bias 
to the point where x further rise in control grid voltage will act to reduce plate current. “The 
outpt waveform of the phantastron terminates at that instant. Regardless of whether the 
voltage at the plate of V6 was high or low al. the instant of triggering. the voltages and currents 
in V6 and V7 at ihe instant. of waveform termination, are always the samc. It follows that 
the oh rapavitor Civ is always the same at this termination. Frem i 
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nt Lo the te nt, the various vollages change Huearly, as does the cia: 
on capacitor C19 fron its controlled initial value to its fixed vaine at rerniinatic Nierefore, 
the time required for the charge on capacitor CHY to reach its fixed termunuing value is 
determined by the magnitude of the charge which is initially present. “This ital charge 
sa function of the value of the d-c voltage ai Uie brush aria of the seleetar potentiometer 
nnd it follows that the duration of the phantastron waveform is controlled by that voltage 
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assembly from the preknock or transmitted pulse, to» calibratmy ayne pulse. Range 
elibration procedure will be found jn TM 8 5008 2 
dierentiator V7K and clipper USA. ‘The negative rectangular waveform at Hic cationic of 
phaniastron tube V6 is coupled through capacitor C20. developed across resistor R51, and 
applied to the control grid of wiode V7B. V7B amplifies the signal. “Phe cathode cireurt 
consisting of resister R53 and eapacitor C22 has a time constani of 10 mic: 
waveform applied to the grid has a duration that varies between und G76 microseconds, 
‘Therefore, this cathode circuit will be degenerative during the long period of the waveform 
wih capacitor C22 assuming a charge determmed by the magnitude of the negative input 
voltage. However, the time constant is long with respect to the rapid transient which takes 
place at the positive going trailing edge of the phantastron waveform and no degeneration is 
introduced te this portion of the waveform. Hence, this portion of the waveform will receive 
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(3) 


(4) 


‘fultivibrator VSB and V9A. This stage is a one-shot plate-coupled multi 


masimum amplification. The plate signal of V7B is applied to VS8A through peaking trans- 
former T2. This transformer is poled so that positive and negative peak signals appear at 
terminal 6 of transformer T2 and at the cathode of diode clipper VSA. The positive pips, 
coincident with the leading edge of the phantastron waveform, act to cut off V8A. However, 
the negative pips, which coincide with the variable trailing edge of the phastastron waveform, 
cause increased conduction through V8A. This increased current flows through resistor R54. 
Resistor R34 also serves as the grid return for the following stage and, therefore, » negauve 
pulse is applied to the grid of VSB. 


ibrator designed 
to produce a negative output waveform whose duration exceeds 1} microseconds. Tube VsB 
conducts between pulses with a small positive potential at its grid. The negative potential 
is produced by volinge divider resistors R57 and Rs. ‘The appearance of the negative pip 
at the grid of VSB acts to cut V8B off and causes VOSA. to conduct. Regenerative action takes 
place by means of coupling signals from each plate 19 the opposite control grid. However, 
the exponential regenerative rise in the voltage at the control erid of VSB is not only a function 
of the time constant of enpacitor C23 and resistor R54 but this rise is accelerated by the ex- 
panential decrease which occurs in the voltage at the cont rol grid of V9A as capacitor C24 
charges. ‘The charge path for capacitor C24 is from the upper plate of capacitor C25 (a nega- 
tive 50 volt source), through resistor RS9, capacitor C24, resistor R56, R55, and through 
eapacitor C3A to ground and to the lower plate of capacitor C25. As the grid voltage of 
V9A decreases exponentially, the plate voltage increases proportionately. The coupling 
provided by capacitor C23 causes this change to appear at the grid of V&B in addiiion to the 
change resulting from the discharge of capacitor C23. Hence, the duration of the output 
waveform is determined not only by the rate of discharge of capacitor C23, but also by the 
rate of charge of capacitor C24. ‘The output waveform is applied to the selector gate generator. 


Selector gate generator VOB. The negative output of the muitivibrator is applied to network 


722, a series L-C circuit. The straight leading edge of the applied signal appears at terminal 2 
of the network and acts to cut off amplifier V9B. The capacitors of the L-C eireuit then 
discharge through the inductance and a sinusoidal change occurs in the voltage at terminal 2. 
This voltage change has the form of a damped sine wave rising from the negative peak to the 
pero axis. ‘The constants of the circuit are chosen so chat tube VOB is returned to conduction 
11 microseconds after being driven below cut-off. Therefore, a positive It microsecond gate 
pulse appears at the plate of VOB. Capacitor C26 is connected in series with the parallel 
capacitors of network Z2 to obtain the desired 11 microsecond period. When Y8B resumes 
conduction, its grid begins to draw current plecing a-very low resistance across the inductor. 
The damping, thus introduced, immediately quenches the oscillation and the cnergy stored 
in the inductor is dissipated by the low shunting resistanec. The positive step which occurs 
at the trailing edge of the multivibrator waveform, has no appreciable effect on net work Z2 
since, when it appears, the inductor of Z2 is shunted “y the low resistance grid circuit of VSB. 
The output from VOB will go to suppressor grid (pin 7) of pip selector V4 when switch 32 is 
in the MISSILE position. 


(5) Pip selector VIO. This stage consists of coincidence tube Vi0 and associated circuit clements. 


The inputs to this stage are the 11 microsecond gate pulse frora the selector gate generator 
and the train of positive pips (at 12.2 microsecond intervals) from the pip generator channel. 
When the 11 microsecond pulse and one pip of the train of pips are in coincidence, a single 
negative pip appears at the plate of Vi0. Both the control grid and the suppressor grid of 
¥10 are biased below cut-off. Therefore, plate current can flow only when a positive signal 
is applied simultaneously to both grids. This occurs when a pip from the pip generator channel 
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is positioned within the 11 microsecond gate generated from the trailing edge of the phantastron 
waveform. It can be seen that 2 timing crror may be present in the phantastron channel 
without introducing a range inaccuracy. For example, assume that at minimum range the 
selected pip is exactly centered within the 11 microsecond gate. If the phantastron introduces 
@ total error of 4 microseconds at maximum range, the same selected pip will still be gated at 
maximum range. The pip will merely have moved from the exact center of the 11 micro- 
second gate to the point off center by the amount of the phantastrun channel error (4 micro- 
seconds}. ‘The 11 microsecond width of the gate is sufficient to allow for expected inaccuracies 
in the phantastron channel, but is not so great as to allow two adjacent pips from the pip 
generator channel to be gated siraultaneously. 


e. 5000 Yard Gage Generator (Range Gage Generator). ‘The function of this channel is to provide the 
tracking range mark (TRM4), the tracking range gate (TRGA), and the acquisition tracking range 
mark (QTRMK). These signals serve the following functions; the tracking range mark goes to the 
range error detector where it is used to trigger the unit; the tracking range gate gocs to the PPT and 
PI indicators to form part of the electronic cross; the acquisition tracking range mark goes to the range 
slew control unit for target acquisition, and also to the PPI indicator to form the are of the electronic 


cross. 


These outputs of the range mark generator are all variable in time with relation to the trans- 


mitted pulse but are not variable in time with respect. to exch other. 


(ly 


(2) 


Range gaie generator. ‘The range gate gencrator consists of ¥11 and its associated components. 
Its operation is that of a conventional cathode-coupled one-shot multivibrator. Between 
pulses V1iB (pins 1, 2, and s conducting and VITA is cutoff. ‘The cathode voltage of VIB 
during the quiescent period is approximately 52 volis and voltage divider resistors R75 and R76 
establishes the voltage on the grid of VITA at half this value, or 26 volts. Capacitor C34 acts 
to hold the grid at 26 volts during ihe time VIIA conducts. ‘The negative pulse from 10 
passes through crystal CRS, which isolates VII from the low impedance of V1v except during 
the period of the negative pulse to VilB. When ViiB is cutoff by the negative pulse, the 
cathode potential drops and V1iA conducts, drepping the vid of V1IB to a lower value through 
capacitor C35. The discharge time of capacitor C35 through resistor RSG and potentiometer 
R79 primarily determines the width of the output pulse. As capacitor C35 discharges, the 
grid of VLIB rises toward cutoff and the conduction of VIB returns the stage to ifs quiescent 
condition. ‘Phe extput pulse is approximately 30 microseconds wide and 40 volts in amplitude 
and is a reasonably good square wave with steep leading and trailing edges. “This output may 
be shifted in time through the operating range of the range unit assembly and the leading edge 
coincides with the leading edge of this first selected pip. From the plate of VUB, the positive 
square wave is fed to three channels; the tracking range mark channel, the tracking range gate 
channel, and the acquisition tracking range mark channel. 

Tracking range gate channed. Cathode follower VI2A is used because its low impedance at the 
output makes it suitable for coupling signals into the coaxial line fo the acquisition indicators. 
The input is @ positive 30 microsecond range gate from range gate generator Vil. Another 
function of ¥12.A is to make the 30 microsccond signal more square by clipping both the top 
and bottom. ‘The bottom portion is clipped by biasing the tube below cutoff with a negative 
24.3 volts on the grid and when the 30 microsecond sigual is applied to VIZA, it must raise the 
grid above cutoff. Any irregularities which show up on the top purt of the wave are clipped 
when the grid draws current. ‘This combination of baseline chpping and grid limiting produces 
a square wave at the output. This output is known as the track range gate, and is a positive 
10-volt, 80 microsecond square wave. 


f. Acquisition Tracking Range Mark Channel. 
(1) 14.6 microsecond gate generator. ‘This stage consists of V12B, Z3, and Vi3A. Except for the 


selector 


width of the output signal, the operation of this stage is identical to that of the range 
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gate generator. The difference in width, while using tue same time delay unit, is obtained by 
omitting the external capacitor which is used with Z2. Omission of this capacitor Increases 
the resonant frequency of Z3. This stage is triggered by the leading edge of the 30 micro- 
second signal from VitB. The output from the plate of V13A is a positive square wave 14.5 
microseconds wide coincident with the leading edge of the 30 microsecond signal from the 
tracking range gate channel. 


(2) Amplifier V13B. ‘This stage inverts and squares the output of the 14.5 microsecond gate 


generator. It accomplishes the squaring action by the use of base line clipping. ‘The tube 
is biased below cut-off by a negative 37.2 bolts on the grid. When the positive 14.5 miero- 
second signal is fed to the grid, it raust first overcome the bias before V13B conduets. This 
action passes only the upper portion of the wave and dips off the irregular base. ‘The output 
from the plate is @ negative 14.5 microsecond square wave. 


(3) Differentiator amplifier Vi4 and transformer Tj. ‘The output from the plate of V13B is coupled 


to the control grid of Vi4 through capacitor C45 and developed across resistor RLO1. Since 
the R-C time constant of this coupling network is extremely sinall (approximately 0.06 micro- 
second} as compared to the 14.5 microsecond duration of the negative input signal, diferentia- 
tion takes place. The signal appearing on the control grid of V14 is a negative pip followed 
14.5 microseconds later by @ positive pip. With V14 self-biased almost at cutoff, the negative 
pip has little effect on the tube current, whereas the positive pip will cause a surge of tube 
current and produce a negative pulse at the plate. This pulse will occur 14.5 microseconds 
after the leading edge of the 30 microsecond signal originating in Vir. The pulse from Vi4 
is coupled to the coaxial line at jack J7 through transformer 4 (vhich is so poled that the 
output at J7 is a positive pulse). This signal, knowb as the acquisition tracking range mark 
(QTRMA), is fed to the PPL and PI indicators and to the range slew control unit. 


gq. Track Range Mark Channel. 
(1) Selector gaie generator V8, Z1. ‘This stage receives the positive 30 microsecond output from Vit 


@) 


and clips the top and bottom of the wave before passing it on to Zi. ‘The action of clipping 
the bottom portion is similar to that described for Vi3B in the acquisition tracking range 
mark channel. When the input signal overcomes the negative 35.3 volts on the grid, the 
lower portions are eliminated. ‘The upper portion of the wave is eliminated when the signal 
rises high enough to cause grid current to be drawn Lbrough resistor R23. Network Zt and 
V3B perform actions identical to those of the range selector gale generator except thet the 
output is a positive 14 microsecond square wave applied to the suppressor grid of V4 when S2 
is in the TARGET position. Testpoint two (TP2) is provided for monitoring purposcs. 

Pip selector V4 and transformer T3. Tube V4 acts as a coincidence tube. Either the negative 
17.7 volts on its control grid or the negative 78.4 volts on its suppressor grid is sufficient to hold 
the tube cutoff. ‘Tube V4 will remain cutoff untif both bias voltages are overcome at the same 
time, ‘This action takes place when one of the positive pips in the striug of pips feom the pip 
generator coincides with the positive 14 microsecond signal from V3B (or the 11 microsecond 


signal from plate of YB when S2 is im the MISSILE position}. “Phe pips are applied to the 
control grid and the 4 microsecond (er 11 microsecond) signal to the suppressor grid. At the 
time of coincidence, plate current flows and a negative pip is developed at the plate. The pip 


selected by this stage is the one following the first selected pip if switch is in TARGET position. 
Tp the MISSILE position of switch Sz, the pip selected by this siage is the first selected pip. 
From the plate of V4, the ucgative pip is sent to transformer T3 where it is inverted and coupled 
to the coaxial Jine at jack J6. ‘This positive pip, known as the track range mark (TRMK; is 
sent Lo the range error detector. 
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h. Output Signals, Time Relationship and Functions. The acquisition tracking range mark (QTRMB) 
starts 14.3 microseconds after the leading edge of the track range gate (TRGA). This delay will cause 
jt to appear in the center of the TRGA. These two signals are applied to the acquisition indicators to 
produce the electronic cross, The QTRMK, which is gated in azimuth by the track azimuth gate 
(TAGA), is used to produce the arc of the electronic eross. (Refer to TM 9-5000-9, chapter 6.) The 
‘RGA will gate the track azimuth mark (TAMK) to produce the radial line of the eleetronic cross. 
The time relationship of the TRMK and the TRGA js such that the uwo lines forming the clectronic cross 
will intersect at their respective centers. When the range settings of the target tracking radar and the 
acquisition radar are equal the QTRMEK will coincide with the acquisition range mark (QRMK) and is 
used in the target range slew control unit to acquire the target designated by the acquisition radar 
operator. ‘The track range mark (TRMK) is delayed from the TRGA and the QTRMK to establish 
ime relationship between the target and acquisition range systems. The TRMK is used 
only in the iaryet range system to trigger the cirenits of the range error detector. 

i. Unmodified Range System (fig. 8-3). Relay K2, which determines whether the preknock pulse or 
the transmitted pulse will trigger the main gate generator, is not present in the unmodified range system. 
The preknock pulse is fed directly from contact 3 of relay K1 to jack J2 of the range mark generator. 
Hence, in the unmodified range system, the main gate will always be triggered by the preknock pulse, 
whereas, in the modified system it could siart at preknock or at the time of the transmitted pulse, 
depending upon the condition of relay K2. 


the proper 
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CHAPTER 3 
RANGE ERROR DETECTOR 
Section 1. BLOCK DIAGRAM DISCUSSION 
8. General 


(See figs. 5, 6-1, 8-1.1, 8-5, and 8-6.) The range error detectors of the missile-tracking and target- 
tracking radars are identical in circuitry, purpose, and operation. Any statement with regard to the 
range error detector of the target-tracking radar is also applicable to that of the missile-tracking radar. 
‘This unit receives the tracking range mark from the range mark generator, and the 500 yard calibrating 
pips from the range calibrator or the sum video signal from the video and phase unit. Outputs from 
the range error detector arc the mixed video and notch, 500 ya-d sweep expansion pulse, the 0.4 micro- 
second receiver gate (AGC gate), the d-c range error signal, and the automatic tracking control signal 
(ATC). It also develops a range gate that is used internally for time comparison with the video pulses 
and to produce the range error voltage. The range of the 500 yard sweep expansion pulse, the receiver 
gate, the range notch, and range gate ere directly controlled hy the range setting of the range servo 
system. The position of video in time is determined by the range of the target. As shown on figure 3, 
the range error detector may be divided functionally into several channcls; the sweep expansion pulse 
channel, notch channel, video and notch mixer, amplifier, delay Jine, range gating circuit, and ATC 
channel. ‘The outputs of the first four channels are generated as a result of the track range mark and 
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Figure 5. Range error detector, simplified block diagram 
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have a fixed time relationship with respect to the track range mark. ‘The sweep expansion pulse causes 
the expanded portion of the tracking indicator sweeps and is used also as a gating pulse in the angle error 
detector, ‘The receiver gate pulse gates several cireuits within the radar lo permit operation as a result 
of the input from the tracked target only. The range gate is used in the range gating circuit, The 
notch is used in the video and notch mixer which mixes the 04 microsecond video and noteh for appli- 
cation to the video circuits of the tracking indicators. The video amplifier increases the waplitude of 
the video in order to drive the delay line. ‘The delay line and range galing cireuil function to compare 
the radar range (which uses the range gate) with the larget range to produce a d-o range error. “The 
ATC channel compares the range gate with the video to produce a signal which is used in the auto- 
matic tracking control unit. The ATC unit causes the range servo system to s hift frum automatic to 
aided tracking if the target is lost. and to use a stored rate causing the range system io continae at the 
same rate as before the target was lost. 


9. Range Error Detector Channels Block Discussion 

a. Fxpansion Pulse Channel. This channel consists of a 3-microsecond multivibrator, cathode fol- 
lower, pulse inverter, and a network driver. This channel has one input, the track range mark, and 
produces two negative 3-microsecond pulses begining simultaneously with the oceurrence of the track 
range mark. One of the outputs, of a 20 volt amplitude, is known as the sweep expansion pulse, and 
the other, of 160 volt amplitude, is used to drive three other channels of the range error detector. The 
sweep expansion pulse is used in the tracking indicators to produce the expanded portion of the sweeps, 
and in the angle error detectors as a gating pulse to allow the angle error detectors to have outputs to 
the error pulse rectifier only during the 3 microsecond period about the radar range. Since it has the 
same polarity and duration the 160-volt pulse is also called the sweep expansion pulse. It is used only 
within the range error detector to trigger the receiver gate channel, the notch channel, and the range 
gate channel. 

b. Receiver Gate Channel. This channel consists of two quarter-eycle Hators, pulse inverter, and 
two cathode followers. ‘This channel receives the 160 volt output of the expansion pulse channel as an 
input and produces a positive 20-volt, 0.4 microsecond pulse output star ing 1.27 inicroseconds after 
the track range mark. ‘This output is the receiver gate but is sometimes called the AGC gate. It is 
used as a gating pulse in the error pulse rectifiers, the AGC unit, the missile AFC unit, and the video 
and phase unit to permit operation of these circuits only with regard to the gated target. It allows 
the gain of the receiver to be automatically controlled in the AGC units as a result of the amplitude of 
signal from the gated target. It allows the frequency of the local ose iMator to be determined by the 
frequency of the input signal from the gated target when the nussile AFC is in use. (The missile AFC 
unit is used only in testing the target-tracking radar.) ‘The receiver gate also allows the level of amphi- 
tude of the returned signal from the gated target to be monitored in the video and phase unit. The 
time duration of the signals in the range error detector is established by the reme accuracy of an 
L-C oscillatory circuit, utilizing one quarter of a cycle of oscillation of the cireuit to establish the tine 
duration. ‘The inductor is slug-tuned to permit establishment of an exact time duration. 

ce. Notch Channel. This section consists of two quarter-eyele oscillators, V6 and VI7A. It reeeives 
the 160 volt output of the expansion pulse channel as an inpul and produces one output. a negative 
6.3-volt, 0.6-microsecond pulse, occurring 12 nucroseconds after the track range mark, This output 
is the 100 yard range noteh and is 
indicators to aid the tracking operators in manual and aided tracking of the target. 
ideo and Notch Mirer. This section consists of two amplifiers, VISB and VITB owhich have a 
common plate load for mixing the video input to the range error detector aud ihe noteh output of the 
notch channel), and two parallel cathode followers VISA and Vi8B. The output of the video and notch 
mixer is a positive 0.3 volt notch mixed with the negative 1 volt video. ‘This oniput of the range error 
detector is sent to the tracking indicators. ‘This signal will cause a negative notch and positive video to 
appear on the seopes. 


sent to the video and notch mixer. ‘This notch is used on the tracking 
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plate load for amplifiers V17B and Vi3B. The range notch is applied to Vi7B and the tracking video 
from jack J2 is applied to V13B. ‘These signals are mixed across che common plate load of the amplifiers. 
At this point the range notch is positive and the video is negative and applied to cathode followers V18A 
and Vi8B which are connected in parallel to meet the current requirements. The video and noteh are 
applied to the video amplifiers of the tracking indicators. 

f. Video Amplifier. Relay K1 is controlled by the RANGE CALIBRATE switch on the iarget- 
tracking console. If relay Ki is deenergized, sum video from the video and phase unit is applied to 
amplifier V13A through jack J2. Ifrelay Klis energized, 500 yard range marks from the range ¢ 
are applied to VI3A. The range calibrate input is used only when aligning the range serve 
The first stage, VI3A, is a voltage amplifier with frequency compensation. ‘The negative from 
VIBA is applied to V14 where it is amplified and inverted. The signal is then applied to pow ee ainphlier 
Vib which is the output stage of the video amplifier. Negative feedback voltage is taken from V15 
and returned to the cathode of V14. ‘This feedback produces a low output impedance i saatch the 
impedance of the delay line. 

g. Range Error Channel. This channel consists of two identical sections; w non-delay section, and @ 
delay section. Each section receives the negative 35-yard range gate and the negative ideo pulse as 
input signals. However, the video input to the non-delayed seetion (VOA, VOB, end C18) is obtained 
directly from the video amplifier while the video input to the delayed section (ViiA. VilB, and C19) 
is delayed 0.22 microsecond by delay line Z1 before being applied to VIIA. ‘The oveo-all operation of 
each of the sections is to control the charge on the associated capacitor, C18 or CI The charge on 
each capacitor is a function of the time relationship between the 35-yard range gate and the video signal 
applied to that section. Tube VSA operates on & principle 


imilar to that of a coincidence tube. 
For this type of operation, instead of two coincident signals aiding conduction, the ive applied signals 
have opposite effects upon the conduction of the tube. The negative range gate is applied to the grid 
of VOA. Thus, when a video signal appears in coincidence with the range gate, it counteracts the effect 
of the gate. The nearer the two signals are to coincidence, the larger the sigual fron. ¥ 3A. The output 
of V9A is applied to capacitor C18 through diode VOB. The capacitor is therefore caused to discharge 
and charge in agreement with the time displacement of the video signal and range gate. ‘The principle 
of operation of the components of the delay section is the same as that of the non-delay section. ‘The 
only difference in the over-all operation of the two sections results from the 0.22 mic onds tine dif- 


ference of the input video signals. For e condition of vere range error, the range gate eri’s exactly 
between the delayed and non-delayed video signals. When this condition exists, the + both 
capacitors C18 and C19 is equal. A time position /di- te an under-ranged or over- ig of 
the range servo system) will cause the video ond gate s Sin cue seetion to be near! mdent and 
those of the other section to be further from coiuciden:. Tis will cause a diflere sharges 
on the capacitors and a push-pull signal will appear on :t+ grids of cathode follower Wien the 


range gate is more nearly in coincidence with the und 3 eo than it is with the deiated video 
(under-ranged) the potential at the output plate o! sy C18 is positive with respess ce of 
capacitor C19. Similarly, for an over-ranged condition, the voltage at the output plats 0! unaeitor 
C19 is more positive with respect to that of capacitor (18. ‘Tie difference in potentials: + athodes 
of V12 forms the range error output of the range error cliannel. The output of the range «ir -r channel 
is applied to the range modulator and to the ATC unit. It is also applied to the range error meter lo- 
cated in the range and receiver cabinet. 

h. ATC Channel (Range Error Detector). The ATC rhannel (Vi0) of the range error detector func- 
tions the same as gating circuits V9 and Vil. Video ier the ATC channel is delayed 0.11 microsecond. 
The range gate, 2 0.2-microsecond negative signal, is applied to the cathode of V10 and the negative 
video is applied to the grid. If the gate and video are coincident, the conduction of V10A is very small 
and the output voltage from Vi0B is relatively high. If thes waveforms are not coineident, the con- 
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duction of Vi0A is increased and the output voltage from V10B is relatively low. This voltage together 
with the average of the range error voltage is applied to the ATC unit. 


Section II. DETAILED SCHEMATIC ANALYSIS 


44. Sweep Expansion Pulse Channel 

a. One-Shot Multivibrator VI. Twin-triode V1 is a one-shot, cathode-coupled muiltivibrator. In the 
quiescent condition V1A is cutoff and V1B is conducting. Tube V1A is triggered by the positive track 
range mark. Resistor R1 is an impedance matching device at the termination of the euble. Circuit 
components are chosen so that the duration of the output waveform may be made equivalent to 500 
yards range, or approximately 3 microseconds. Pulse duration is adjusted by means of MV BIAS 
control R4 and 500 year EXPANSION control R9. The output signal from the plete of V1B, is a 
positive 40-volt, 3-microsecond rectangular waveform. This signal is coupled through capacitor C4 
to cathode follower V2A. Resistor R70 and capacitor C22 form a decoupling network. 

b. Cathode Follower V2A. This tube is a conventional cathode follower. The low impedance source 
of the cathode circuit is used to furnish a positive pulse to network driver V3 through capacitor C7 
and to pulse inverter V2B through capacitor C5. 

¢. Pulse Inverter V2B. Tube V2B is held cut-off between pulses. Tube V2B draws grid current 
during the 3 microsecond period that the signal is applied. Grid resistor R16 prevents tho flow of 
excessive grid current during the signal period. The 3 microsecond signal appears at the plate of V2B 
as a negative 20 volt pulse. This is the sweep expansion pulse applied to the tracking indicators from 
jack J4 and to the angle error detectors. 

d. Network Driver V8. The pulse which is coupled through capacitor C7 from cathode follower 
V2A is developed across resistors R19-R20 and applied to the grid of V3. In the absence of an input 
signal, V3 ia held below cut-off by a negative 36 volt potential obtained at the junction of voltage divider 
resistors R19-R20. The amplitude of the positive 3 microsecond input signal is sufficient to overcome 
this bias and cause the tube to conduct. A negative pulse appears at the plate of V3 and is applied 
across networks Z2, Z4, and Z6. The leading edge of this signal coincides in time with the track range 
mark. Because of the capacitance between plate and ground, tho positive going trailing edge of the 
waveform does not adversely effect the operation of the networks to which the signal is applied. 


12. Receiver Gate Channel 


a. 1.87 Microsecond Delay Network 72. Delay network Z2 is a series resonant circuit which is shocked 
jnto oscillation and whose oscillation is damped after one quarter of a cycle. Prior to the appearance 
of the input signal, network driver V3 is cut-off. The capacitors of network Z2 is charged to the full 
value of the applied voltage and zero potential is present at terminal 2 of the network (the junction of 
the capacitor and inductor). When V3 conducts, the voltage at its plate drops. This drop in voltage 
is coupled through the network capacitors causing the potential at terminal 2 to go below ground. 
‘The capacitor then starts te discharge through the inductor to the new value of applied voltage. Because 
of the inductance, the discharge of the capacitors produces a sinusoidal voltage rise at terminal 2. In 
one quarier of a cycle of oscillation, the capacitor will assume a charge equal to the new applied voltage 
and the voltage at terminal 2 will return sinusoidally to zero potential. The field about the inductor 
shen starts to collapse, tending to drive the voltage at terminal 2 abeve ground. However, terminal 2 
is connected to the grid of V4A and to ground through crystal CR1. As the grid voltage becomes 
positive with respect to ground, grid current flows in VLA and crystal CRi conducts. This places a 
low-resistunce path in parallel with the network inductor. As a result, the oscillation is damped out 
after slightly more than one quarter of acyele. The value of the inductor and the value of the capacitors 
of the delay network are so chosen that the negative signal applied to the grid of V4A will hold the 
stage below cut-off for 1.27 microseconds. 
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c. Power Amplifier Vis. The positive video pulses from V14 are coupled through capacitor C26 
to the grids of Vid and VisB. This stage develops the power necessary lo drive delay line Zi, A 
yoltage divider consisting of resistors R82-K83 provides a fixed voltage which, in addition to the voltage 
developed across cathode resistor R112, provides the bias. Network Zi acts as a plate load for VISA 
and VisB. Negative video pulses, normally 20 yolts in amputude, appear at pin 1 of network Z1. 
This negative signal is also revurned to the cathode of Vi4 through an R-C network consisting of resistor 
R84 and capacitor C28. ‘This feedback voltage is in phase wich the signal voltage at the grid of Vid 
and is therefore degenerative. The purpose of this feedback is to provide low output impedance to 
match the impedance of the delay line and to minimize distort‘on. 


17. Range Error Channel 


a. General (figs. 6 and 6-6). The range error channel derives an error signal proportional to any 
time difference which may exist between the 35 yard gate and the selected video signal. This error 
signal is obtained by comparing the voltage across Ewo integrating capacitors (C18 and Cig). Equal 
capacitor voltages result in no potential difference being applied to V12, but unequal capacitor voltages 
do produce a potential, the magnitude and polarity of which indicates the direction and extent of range 
error. ‘The channel consists of V9A, V9B, V11A, VI11B, delay network Zi, and integrating capacitors 
Ci8 and C19. The inputs to the cnannel are the 35 yard rarge gate from the plate of V8A, and the 
yideo from the plates of V15. The video at terminal i of network Z1 is the undelayed video while the 
video at terminal 8 of network Z1 is the delayed video. Network Zl is a conventional L-C delay lino 
which introduces a total signal delay of 0.22 microseconds. ‘Tubes V9A and V9B and capacitor C18 
form the non-delay section. Tubes VILA and VilB and capacitor C19 form the delay section. The 
large common cathode resistor R50 provides sufficient seif-bies for YV9A and V11A to keep them very 
near cut-off during the quiescent period. During this period, ¥9B and V11B ere cut-off by the pres- 
ence of @ positive potential at their cathodes. During the quiescent period, the plates of these diode- 
nannected trodes are at a less positive potential than their cathodes. ‘Phe cathode potential, approxi- 
mately 25 volts, is obtained from the voltage divider RG0-R6i. As can be seen by figure 6, with VOA 
and VIIA cut-off, the integrating capacitors, C18 and C19, will charge through resistors R52-R53 
toward the 25 volt potential cxisting at the junction of R60-R61. Upon application of the range gate 
to ine cathodes of VOA and VIIA, these tubes conduct heavily and a negative pulse appears at their 
plates. ‘Tiuis pnise is impressed upon the cathodes of V9B and V11B causing them to conduct heavily. 
Thus, for the period of the range gate, current flows through V8A, Ci6, R53, VOA, C17 and VOB, dis- 
charging integrating capacitor C18. 

‘At the same time, the discharge current for capacitor Ci9 flows through VSA, C16, R51, R56, VIIA, 
C20 and ViiB. Upen jration of the 35 yard range gate, capacitors C1S and C19 again recharge 
through resistors R52-K53 toward the 25 volt potential. It js therefore apparent that, in the absence 
of any video, the integrating capacitors experience a period of charge und 2 period of discharge duriag 
each pulse repetition period. In this condition, the discharge of the capacitors by the tube currents 
during the range gate is equal to the recharge of the capaciters throveh resistors RS2-R53 during the 
time between range gates. 

b. Channel Operation, Zero Range Error. When @ target being tracked automatically, negative 
video signals appear at the control grids of V9A and VILA when the negative range gate is present at 
their cathodes. Signals of the same polarity applied to the grid and to the cathode have opposite 
effects upon the plate current. ‘Thus, while the negative range gate applied to the cathodes of V8A 
and VilA will tend to increase plate current, the negative video signals at their grids will counteract 
this Inerease. When a zero range error condition exists, the 55 yard range gate occurs coincident with 
the mid-deley video. In this condition, the amount of plate current in V9A is partially Hmited by the 
non-delay video signal and the plate current in VILA is equally Himited by the delayed video signal. 
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Figure 6. Range error chunneie, simplified schematic 


signals which appear at the plates of V@A and VilA are smaller in amplitude 
than when no video is p t. These signals are coupled through capacitors C17-C20 to the cathodes 
of VOB and VilB. These tubes econduet, discharging capaciturs C1S-C19 equally. However, the 
discharge of the Lwo capacitors is less than their discharge when no video is present, ‘Therefore, for a 
zero range error condition, Lue operation of the channel is such Unat the average voltage across cach of 
the integrating capacitors increases, but the potential difference between the optput voltages of the 
capacitors remains zero. The potential difference between the capacitors is a measure of the range 
error and is zero for zero range errer even though the voltage across cuch capacitor experiences an in- 
crease. Whenever video is coincident with the range gate, there will be an merease in the average voltage 
across the capacitors with respect to ground. ‘This is true regardless of the degree of coincidence of the 
gate signal and the video. 

c. Channel Operation, Under-Ranyed Condition. From the preceding discussion it is evident that the 
voltage across capacitor C18 will vary with the degree of coincidence of the non-delayed video and the 
range gate, and that the same is true of capacitor Ci9 with respect to the degree of coimcidence of the 
delayed video and the gate. Therefore, any difference in potential between capacitors Ci8—C19 must 
be a function of the degree of coincidence or time displacement of the video and the range gate. When 
the range gate occurs coincident with the mid-delay video (zero range error), the difference in potential 
between C18 and capacitor C39 is zero. However, @ time displacement of the gate in either direction 


Thus, the eqaal 
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Since beta « Pir ce sith 

Tapper atthe diate ci VIOA. 
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e. Aetion of VIG With Video and Range Gate Coincident. “The vides unphed 
delayed GAT microseconds due to the action of the delay Tine, When this video pepe 
of VIOA in coiseidence with the range gate, there is no range errs: 
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naciior CSS & 


negative, the vonduction of ViOB 
This signal, coupled to VieB, causes 
gate ace sot exactly coincident, a larger signal appea' 
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CHAPTER 4 
AUTOMATIC TRACKING CONTROL (ATC) UNIT 


19. General 

The ATC wnit causes the radar to be switched from automatic to aided tracking at the existing rates 
when a target is lost, and at the same time, to indiente this loss by lamination of the COAST light. 
In the missile radar, the unit alse initiates the timing action which causes the missile radar to slew to a 
new pls 3 seconds after the beacon signal is lost. The automatic tracking control (ATC) unit is 
divided ito two channels for study. The first of these ct anaels is the range error channel consisting 
of Vi, V2 and relay KI. ‘The second channel is the ATC channel consisting of V3. V4 and relay K2. 
These channels are similar aud either may cause reley K3 to be energized. The ATC unit has tiree 
TC channel of the range error detector. 


inputs: the two range error voltages and a voltage from the A 


20. Block Diagram Discussion 
(fig. SN) 

a. Differential DC Auplifier V1. This is a dual triode with one range error voltage being applied to 
each section. If the twe input voltages are of the sume amplitude, there Is very little eifect ta the circuit 
due to cathode foliower action. If the input voltages are 
Vid and VIB is changed and an output exists to V2. 

b. Reday Amplifier V2, Both sections of V2 are normally cut-off due ty voltage divider action bet ween 
O volts and the plates of Viz When the current flow of Vi is upset, the plate of ene section rises 
while the plate of the other section drops. When a plate of Vi rises the grid of the associated section of 
V2 also rises, allowing the section to conduct. ‘The plate current of V2 flows through relay KA. 

eo. Relay KE. When the conduction of V 
will normally occur when the range error is between 2.5 and 50 cards. ‘Phe closing of the contacts of 


of different amplitudes, Uie conduction of 


zed. This 


is sufficieutly heavy, relay K1 becomes ester 


Zod. 


relay KT causes relay K3 to become energ 
CATO Channel (ATC Cnit-. This channel functions ina manner simikur to the range error changed. 
‘The inputs to this channel are the ATC voltage and the average value of the range error voltages 
Relay K2 is energized only when the AEC voltage is more p 
voltage, ‘The cathode voltage. as well as the grid voltage, i 
the operation of relay K2. Relay K3 is normally ener; 
the COAST light to be extinguished when a Gayet is in the range gale, or completes circuits in the miss 
sting tracking rates to continue if the target or mi 

jlo-tracking radar, 1 will also initiate the action which causes the missile radar to slew te a new inis- 
sile if the beacon signal is lost for 3 seconds, or if the burst. signal has been given, to slew to the new 


ive than the average of the range error 


used to control the conduction of V4 and 


by the action of relays Kor h2. Lt causes 


le 


and target radars. causing the ¢ ile is lost. En the 


n 


missile i 0.4 seconds. 


21. Detailed Schematic Analysis 
(fig. 8-9) 

a. Differential D-C Amplifier. The inputs to V1 are the two range error voltages. Tie operation 
of V1 depends upon a difference in amplitude of these two voltages. In the quiescent condition, with no 
video in the gate, both grids are at a small positive potential. When video appexrs in the gate, both 
grids go positive, but one grid will go more positive. With an over-ranged condition, grid 2 will be more 
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positive than grid 7. Each cathode tries to follow its own grid, but, being tied together, they rise an 
amount something less than the average rise of the grids. Thus, the bias on ViA decreases and its plate 
voltage drops while the bias on V1B increases and its plate voltage rises. For an under-ranged condition 
the grid and plate voltages are reversed. The plate voltages of Vi are applied through a resistive net- 
work to the grids of V2. The input voltages are averaged by means of resistors Ri and R2, and the 
average voltage is applied to the grid of V3A. 

b. Relay Amplifier V2. The grids of V2 are tied to the voltage dividers between — 250 volts and the 
plates of V1. In the quiescent condition both sections of V2 are cut-off. With V2 being cut-off a drop 
in plate voltage of V1 has no effect serving only to drive it further below cut-off. A rise in the plate 
voltage of V1 will effect the conduction of V2, smce the grid of V2 also rises. When V2 is conducting 
sufficiently, relay K1 is energized. Capacitor Ci charges to the voltage applied to the grids of V2 and 
provides a delay of 50 milliseconds in the deenergizing of relay K1 if the target is momentarily lost. 
For an under-ranged condition, grid 2 of V1 is more positive than grid 7 and plate 1 drops while plate 6 
Tis ‘fhe drop in plate voltage of VIB causes V2B to conduct and relay Ki to be energized. Relay 
Ki is normally energized when the range error is less than 50 yards but more than 2.5 yards. 

ce. ATC Channel, ATC Unit. Tube V3 functions the same as Vi. The input voltages are the average 
value of the range error voliage and the ATC voltages from V10 of the range error detector. When the 
range error is varied from 18 to 50 yards the voltage applied to grid 2 of V3 begins to rise while the 
voltage applied to grid 7 remains relatively constant. This causes the plate voltage of V3A to drop while 
that of V3B rises, and the grid of V4A goes negative while the cathode goes positive due to increased 
conduction of V4B. These two actions cause V4A to be cut-off and prevent relay K2 from energizing. 
When the range error becomes less thas 18 yards, grid 7 of V3 begins to rise while grid 2 begins to drop. 
This action causes the plate of V3A to rise while the plate of V3B drops, and grid 2 of V4 rises while the 
cathode drops due to decreased conduction of V4B. This action eauses V4A to conduct and relay K2 
to be energized. Since the contacts of relays K1 and K2 are in parallel, relays K1 and K2 have the same 
effect upon the cireuits controlled by the ATC unit. Capacitor C2 provides a 50 millisecond delay if 
the target signal is momentarily lost. 

d. Faternal Connections of the ATC Unit (Sh 33 and Sh 44). The comection to P1-10, 12 and 6 are 
the same in both radars. P1-12 is grounded. Pi-I0 is connected to the K1 relays of the range and 
angle modulators. Whenever relay K3 of the ATC unit is energized, relay K1 in each modulator is 
also energized, which in turn permits automatic tracking. This circuit is completed through the COAST 
DISABLE switch. P1-6 is connected to the COAST light in both radars. Whenever relay Ko is 
energized, that is, when there is a target in the range gale, the COAST light will be extinguished ; it will be 
illuminated when there is no target in the gate. In the target radar there is no connection to P1-11. 
P1-9 is connected to ground through contacts of relay K8, the acquisition control relay. Pi-7 is con- 
nected to the K2 relays of the angle and range modulaiors and to the MAN-AID relays K3, K4, K12, 
K13, and K17. These connections fo P1-7 and 9 cause the target radar to go into aided tracking when 
the target is lost and into automatic during acquisition. In the missile radar, Pi-11 is connected to 
the missile slew control unit. Pi-G is connected to ground through K2, the burst relay io the target- 
tracking console. There is no connection to P]-7. The connections to P1-9 and 1] initiate the timing 
action which causes the missile-tracking radar to slew to a new missile when # missile is lost. 
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CHAPTER 5 


RANGE MODULATOR, HANDWHEEL ASSEMBLY, AND GOING 
RATE DEMODULATOR 


22. General 

‘The range modulator in the missile radar is identical to the range modulator in the target radar. 
Both modulators serve the same basic function though there are a few small differences in the opera- 
tion of tho equalization network and the enabling relays. The range modulator receives & d-c range 
error signal from the range error detector and produces a 400-cycle range error signal with an amplitude 
proportional to the amount of range error and a phase which depends upon the direction of the range 
error. All of the handwheel assemblies in the missile and target radar consoles are identical and differ 
only in their application. The handwheel assembly is used to furnish the manual and aided-tracking 
signals, The going rate demodulator is used in the target-tracking radar range system to give a smooth 
tion from aided to automatic modes of operation. 


trans 


93. Block Diagram Discussion 
(figs. 8-1.1 and 8 10) 
a. Range Modulator (fig. 8-10). 

G) Equalization network and enabling relays. ‘The equalization network co! of an R-C com- 
ination which shunts the input. ‘The impedance cf this combination is infinite at zero fre- 
queney, but as the d-c input. begins to fluctuate, the impedance is decreased and the input 
attentuated. Eligher frequencies of fluctuation are attenuated more than lower frequencies. 
‘This drooping frequency response is required so that changes in the input will not cause the 
range vo system to try to react faster than its physical capabilities will permit. ‘Phe en- 
abling relays, Kg and K2, serve slightly different prrposes when the range modulator is used 
in the target radar than they do when the same type unil is used in the missile radar. Relay 
K1 in both radars is used to disconnect automatic range error signal which is Uie input to the 
modulator from the range error detector. Relay K1 is energized only in the automatic mode. 
Relay K2 in the target radar permits capacitors C2-C3 to charge to a rate yoltage which will 
permit smooth switching from aided to automatic operation. It also furnishes an input 
for the aided-rate voltage which is used to maintain tracking if the target is lost in automatic. 
Relay K2 in the missile-tracking radar is used to furnish input contacts for the fine range 
slew control signal which comes from the range slew control unit. In both radars K2 is de- 
energized only in automatic. 

(2) Balanced modulator V1, V2. The balanced modulator is composed of the four triode sections 
of the two twin triodes V1 and V2. Before the d-c voltage is applied to the modulator stage, 
it is sent through a bridge balancing circuit which is inserted in the channel to compensate 
for tube and cireuit inequalities in the balanced stages that follow, and to isolate the modulator 
from the range error detector. The d-e error voltege output of the bridge balancing circuit 
is applied between the grids of the triodes while the 400-evele serve excitation voltage is ap- 
plied between the cathodes. The output of this modulator is taken from the plates and is a 
push-pull a-c voltage. 
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(3) Cathode follower V3 and Ti. The two triode sections of V3 are connected in a current amplifier 
circuit. Both triodes are connected as cathode followers. “The push-pull a-c output from the 
modulator is applied to the cathode followers whose loud is the primary winding of Tl. The 
operation of this transformer is such that the push-pull signal is converted to a single-ended 
signal at its secondary. The output from this transformer, the 400-cyele range error signal, 
is also the output. of the range modulator. This a-c signal is sent to the low power servo- 
amplifier for amplification before application. 

6. Handwheel Assembly (fig. 8-1.1). The bandwheel assembly is located in the control drawer and 
has certain factions to perfurm in all modes of operation. In manual, the handwheel is turned causing 
the rotor of a tachometer to generate # voltage proportional to the rate of rotation. ‘This voltage drives 
the range servo. In aided operation, a movement of the handwheel will displace the arm of the rate po- 
tentiometer in the handwheel assembly. ‘The output from the rate potentiometer is used to drive the 
range servo at a rate depending upon the amount of arm displacement. In automatic operation of 
the target radar, a portion of the tachometer output from the range drive unit is used to drive the motor 
in the handwheel assembly. ‘The motor in the handwheel assembly operates until the voltage picked 
off by the arm of the rate potentiometer is of sufficient amplitude to drive the servo at the automatic 
yate then present in the system. If the target should be lost during automatic tracking, the system 
drops into aided-tracking and uses the rate voltage discussed in the preceding sentence It serves to 
maintain the tracking rete until the target again is picked up in automatic. ‘The motors in the hend- 
wheel assemblies of the missile-tracking radar are not used. 

¢. Going-Rate Demudulator (fig. 8-1). Going-rate demodulators are used only in the range channel of 
the target-tracking radar. It is located in the control drawer of the target radar console, [tis required 
during normal tracking because if the automatic system did not have some sort of anticipating signal, 
jt is probable that the process of switching from aided to automatic would find the system hesitating 
until the automatic rate signal brought the servo up to operating speed. This hesitation might cause 
the target to be lost and would certainly cause an uneven tracking for a short period of time, The 
going-rate demodulator takes a portion of the aided-rate voltage and converts it into a d-e voltage used 
to charge capacitors in the range modulator. “Then when the system is switched to witenatic, the charge 
signal will 


on these capacitors will cause movement of the servo to be maintained and the automat 
have to make only a very slight adjustment. 


24. Detailed Schematic Analysis 
(fig. 8-11} 
a. Ranye Modulation. 

(1) Kgualization network. The inputs to this circuit are applied lo terminals Land 3 of Pr. These 
points are connected to cathodes 2 aud 7 of VIZ in the range error deteetor circuit. “The 
voltages on the cathodes vary with the position of the selected (urget with respect to the range 
gate. If ihe 
Tf the system is under-ranged, the voltage at PS -1 will go in a negative direetion and the voltage 


stem is ranged correctly. terminals t and 3 of PP ace both at the sume potential. 


at P13 will go in a positive direction, ‘The masimuz deviation will occur at 50 yards range 
error. Hf the radar is over-ranged, the opposite condition will exist, Connected across the 
inpul is the equalization network cons tors RS, capacitors C2. and C3. "Phe 
HEC branch, which shunts the inpat, is infinite at zero frequency and 


decreases with increasing frequeney because of the capaciter. High freq 


impedance of this 


cies are thus 
attentiated more than low frequencies with the result that fast fluctuations in the input will 
have Jess effect on the error output than slow fluctuations. This drouping frequer i 
required to compensate for the rismg frequency response inherent in the range set 
Resistors Rl and R2 have a displacement voltage applied to them for checking the servo systent 
Jack J2 i 


y respons 


is 


vo system 


sa test point for monitoring the average voltage between pins 1 and 3 of Pi 
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(2) Target radar enabling relays. During automatic tracking, relay Ki is energized by 8 ground 
circuit from the ATC unit. The automatic range error signal is fed into the modulator and 
capacitors C2 and C3 are charged by this input. If the target radar range error exceeds +750 
yards, the ground for relay K1 is lost and the relay is deenergized, thus disconnecting the auto- 
matic range error signal from the modulator. ‘The range servo will go into aided-tracking until 
the target is again tracked automatically or another mode of operation is selected. Relay K2 
js energized except in automatic operation, and since the Nike system was designed for auto- 
matic operation, this relay facilitates the switching from some other mode of operation to the 
automatic mode. Assuming that the system is in aided-range-tracking, relay K1 is deener- 
gized and relay K2 is energized. Capacitors C2-C3 are now being charged by the output of 
the rate potentiometer in the handwheel assembly end the amount of charge is proportional to 
the range rate. When the operator switches to automatic, capacitors C2-C3 already have a 
charge proportional to the range rate so there is no jerk or slew as the modulator is switched 
into the range servo system and the system adjusts itself to the new mode of operation. 

(3) Missile radar enabling relays. During automatic range tracking, relay Ki is energized by a 
ground circuit from the ATC unit. The automatic range error signal is fed into the modulator 
and capacitors C2-C3 is charged by this input. If the missile is lost, the ground circuit from 
the ATC unit is lost and the automatic range error signal is disconnected. The range servo 
will then go into a coast condition and the charge on capacitors C2-C3 wilt continue to drive 
the servo. This coast condition will last for 3 seconds; at the end of which the radar will slew 
to a new missile if the original missile is not recovered. Relay K2 will be energized at the end 
of the three-second period and the fine range slew signal from V4 in the range slew control 
unit will be the input to the modulator. ‘The fine range slew voltage will not control the range 
servo until the range servo is within approximately 2,000 yards of the correct range to the 
missile, ‘Ihre seconds after the missile radar is locked on the new missile in range, relay K2 
will deenergize, relay K1 will energize and automatic operation will resume. If the missile 
bursts, the time period for coasting is 0.4 seconds instead of the three-second action described 
above, 

(4) Bridge balancing circuit. ‘The bridge balancing cireuit, consisting of the resistors in Z1 and 
‘TRANS-BAL ganged potentiometer R19, is inserted in the channel to allow compensation for 
tube and circuit inequalities in the balanced stages that follow. It also isolates the bridge 
balancing network from the range error detector. Potentiometer R19 is ganged so that Lath 
arms move up or down together (schematically). If potentiometer R19 is adjusied so that 
both contact arms have zero potential between them, the voltage taken off the bridge at termi- 
nals 6 and 5 is exactly proportional to the d-c error voltage applied at terminals Land 2. Tf this 
input d-c error voltage is zero, but an output appearsat Tl due to circuit inequalities, potentiome- 
tor R19 is adjusted so that the output of the bridge will cancel the effect of the circuit inequality. 
To illustrate the operation of the bridge blancing network, observe figure 7 and assume that 
a circuit inequality in the modulator makes it necessery to have terminal 6 of the bridge slightly 
more positive than terminal 5. (Remember that it is necessary to have zery potential differ- 
ence between points A and B, because these points if unbalanced as a result of this conipensating 
yoltage, will exuse errors in the range error signal.) Assume that terminals 3 and 4 pick off 
5 volts and 15 volts, respectively, from potentiometer Ki9. Hesistor Ri equals resistors R2 
plus R3 so that the voltage drop across resistors Rl equals 5 volis, and so the necessity of 
maintaining zero potential between points A and B has been satisfied. The voltage across 
resistor R6 is 4.5 volts, so that terminal 5 is 4.5 volts above point C for a total potential of 

9.5 volts. The voltage across resistor R2 is 0.5 volts, so terminal 6 is 0.5 yolts above point A. 

This results in 10.5 volts at terminal 6. This potential difference will take care of the assumed 
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10V 


905V 


Figure 7. Bridge balencing network Zi with balancing voltage applied to terminals $ and 4. 


inequality in the modulator without upsetting the balance between points A and B. Any 
range error voltage will add to or subtract from these potentials and the same proportional error 
will exist at terminals 3 and 6 as is sent to terminals 1 and 2 from the error signal source. 
Simple Ohm's law calculations will aid in proving the operation of this circuit for any assumed 
set of conditions. Potentiometer R19 is the balancing potentiometer and potentiometer R16 
is the sensitivity and range adjustment for R19. The capacitors in Z1 improve the response 
of the system. 


(5) Balanced modulators. ‘Tubes V1 and V2 form the balanced modulator. The action of this 


circuit is similar to that of other balanced modulators which have previously been encountered 
in the Nike I system. Since special texts for the acquisition radar and the computer discuss 
this circuit, a detailed discussion will not be undertaken here. The major difference in the 
operation of this circuit as used is the nature of the d-c input voltage. In the balanced modu- 
lators previously studied, a singlo ended d-e output was applied to two of the modulator 
triodes and the grids of the two remaining triodes were returned to ground through a balance 
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potentiometer ereuit. ‘The outputs of these modulators ure produced by virietions of the 
ge above or below geound fevel. In the balanced range modulator. all of the 
triodes receive an input. ‘The grids of ViA and V2B are ded together and 2 
penont of che Inpat; the grids of V2A and VIB receive the other mput compenent. The 
grids of all ihe tube sections are at some positive potentisl with respect te grenad at all umes 
With the ciseuit in the buianced condition, the grids of Vid and V2B are xt the same potential 
as the grids of ViB and V2A if no cirenit ineqiixlities 
VIA and V1B flow through resistar R24 and eancel. while the currents of V 
throm resistor R25 and eaneel, Asa result. the © 3 
tubes inay be at the same potential under two conditions, As long a= relay Ri is decne:gized, 
tise eid potentials will be equal te seme positive voltage {plus 4 volts for example When a 
target is being tracked automatically and there is ne zere ia 


contrel voit 


celve one Coin 


sist. fa this conditien the currents of 
You V2B flow 
Kis ne outpur. Tt 


wide af the 


sero, the grid potentials are 
again oqual but have a higher value of voltage (phis 6 volts for examples. In citer case. the 


mochulaior remains ina balauced state a 


ern 
condition, the sof Vid and V2B 
A drop a corresponding amount ie 
2A and 


elds no outpnt, When a range error exe 


widilance m Che grid potentials is created 


vee tea possible plus 7 volts while the grids of VIB and V 


phis 4 volts. Tn this condition, conduction im VIA WHI be ereater than conduction in 
ibe he sume as that of Use » 
ta the other halfof the modulator, tube 
fan OH put sive Wave He phase with ibe + 


sof whieh wi 


an 


an oulpul sine wave will be produc 
exeration voltae applied lo the eathode of VIA 
will conduct sore heavily than VB, produc 
sof V2R. 0 ft follows that a reversal pr the di 
polarity of tke difference in yrid potenti Lin turn, will reverse the condition uf conde 
tion in the modulator tubes and effect a phase reversal in the eatpat voltage. ‘Chere are ove 
phase-equalizing networks associated with the be anced modulator. “The one in the cathode 
st of resistors R20, R21, R22, R25 and cnpaciter Ci. The 
other, between output leads of the modulator, consists of resistors R26, Rey, Res. Re aud 
PHASE BAL potentiometer R30. ‘The phase equal. zing network in the cathode introduces 
a phase lag in the serve exeilation voltage, 
produces a phase lead. Potentiome 


dl. the phe 


wide 


volt slien of the range error will reverse (he 


crenit of the modulator tubes cons 


while the one in the modulate: ontpat cit 
© R&G is factory adjusted so that at 480 execles per scconsd, 


the phase lead is equal te the phis ls introduced in the cathode neuvork. When 


the frequency of the serve excitation yoltage deviates Crom: 400 cvcles per sevomnd, the vonianed 
ell aN OV = 
490 eveles per second nnd an over-all lag above 400 ¢ 


rot the piase-equatizing networks caus 


call Jead for frequenci 


slightly below 
in the final analysis. these leads 
nal exactly in phase or exactly 1Si° out of 
phase with the serve excitation voliage A second function of the cathode uetwerk i to mint 
inize modulator response for variations in the input potentials with re-pect to ground. For 
instance, if terminals {and 3 of PI are at 13 and J} volts, the error voliage output should be 
the same as when these terminals are al 1] and 9 volts. This would uot be che case, however, 
if this shift or level ulted in an appre 
modulator tubes 


and lage help to maintain the range error output 


able shift of the quiescent operating points of the 

(Remember that the amount of current through the tubes determines output 

amplitude.) ‘The high resistance in the cathode circuits provide negative feedback which 
increases stability aid makes the voliage amplification less dependent upon operating voltages 
and tube voeflicients. 

(8) Cathade follower and output transformer, ‘The oatput of the balanced medulator is fed to the 
grids of V3A and VaB. The two triode sections are connected as cathode fullowers and form 
a push-pull current amplifier for driving output transformer T!. Capacitor C8 counteracts 
the inductance of the primary of transformer T1, thereby making the loud impedance of V3A 
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and V3B nearly x pure resistance and preventing an undesirable phase shift. in the output 
voltage. ‘The output from the secondary of transformer TI is fed to the range servo system. 

b. Handwhe! Assembly (Sh 52 
(1) General. The handyhecd assemblies in the target and missile radars are identical. They fur- 
nish the manual aid aided-tracking signals in both radars. However, since the missile radar 

ie function of wracking the missile jp automat io only, the hand- 
me functions in one radar that does not perform m the other. 


is designed vo perform its b: 
whec] assembly performs 4 
Those differences will be pointed out as the various components of the handwhecl assembly 
are diseussed 

Serramotor, The servomotor is identical to other servotiutars used to drive small loads in 
the Nike i system. Tt is a two-phase induction motor containing a squirrel-cage reter and 
two stator windings spaced 90° from each other. The motor ser ne function in the hand- 
wheel assemblies of the missile-tracking radar and consequently has ne excitation or control 


coltages applied to its windings. In the handwheel assembles of the target-tracking radar; 
the nietor is used only m automatic. Its function is ty position the rate potentiometer so that 
if the radur should lose the target during automatic tracking, the rate potentionieter will 
supply a voltage to drive the system at the rate which was present at the moment antomehie 
t. 'The voltage which drives the motor must originate from a sourer which 
is driven at the automatic rate and can furnish a proportional voliage. In range, this sou 


tracking was le 


ce 
is the tnchometer of he range serve motor. ‘The tachometer’s output is used hecause i is 
rotated at a specd directly proportional to the automatic rate and therefore can furnish the 
corteet driving signal. When the ontput from the rate potentiometer balances the tachometer 
signal, the motor will stop, Tf the tachometer slows down, speeds up, or changes direction, 
the motor will cause correct movement of the rate potentiometer to balance the changed input. 
Tachometer. ‘The tachometer is a two-phase induction generator similar to the servomotor. 
Ll is geared to the same sheft as the motor and is located in the same housing. The servo~ 
motor and tachometer comprise a component often referred to as the motor-tach unit. A 
e tachometer excitation voltage of fixed phase and amplitude is applied to one of the 
stator windings of the tachometer. When the rotor is driven, a 400-cycle voltage is induced 
jnto the other stator winding. ‘This duced voltage is nearly proport ional to rotor speed and 
its phase depends upon the direction of rotor rotation. In manual operation of both radars, 
the output front the tachometer is used as the driving voltage for the respective servo systems 
being operated. In automatic operation of the target radar, this output acts as a negative 
feedhack. PI{ASE potentiometer R2 is a 100-ohm potentiometer in series with the excited 
winding of the tachometer. Potentiometer R2 is used to adjust the phase of the voltage on 
the excited winding so that the output from the tachometer has the proper phase relationship 
with feedback and reference voltages appearing in later stages of the servo system. 

Rate potentioneter BB. When the magnetic clutch is engaged, it couples potentiometer R3 to 
the handwheel shaft so that approximately 5% turns of the handwheel will inove the contact 
arm of potentiometer R3 from its center position to either extreme. Either extreme of poten- 
tiometer R3 will furnish maximum rate voltage for the servo being controlled, It is possible 
to continue to turn the handwheel after the contact arm hits the stop at either end of poten- 
tometer R3, because the magnetic clutch will slip. ‘The output of potentiometer R3 is used 
in both radars as the control voltage in aided-tracking. In the target-tracking radar, @ por- 
tion of the output is sent to the modulator, while in aided-tracking, this output is stored on 
capacitors and serves to smooth the process of switching to automatic tracking. While in 
automatic operation, the contact arm of potentiometer R3 is positioned by the servomotor 
because it is desired that the system drop back into aided-tracking if the target is lost momen- 
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tarily. The missiletracking radar uses a different system of attaining this coast condition 
so that potentiometer R3 in the missile-tracking radar handwhee! assemblies is used only 
for aided-tracking. Whenever the magnetic clutch in any of the handwheel assemblies is 
disengaged, potentioneter R3 is returned to its center position by spring action. 

(5) Magnetie clutch. Coil Li operates the magnetic clutch and is shunted by varister VRIL When 
the circuit of the coil is interrupted, the vollage generated in the coil beeause of the collapsing 
field is shunted by the varistor and the energy stored in the coil is rapidly dissipated, This 
circuit prevents excessive arcing at contact points of control switches and relays. Coil 1.1, 
whon energized, disengages the clutch. When the clutch is engaged, it will also act as a slip 
clutch when any mechanical movement tries to rotate the rate potentiometer beyond its 
mechanical lumt stops. 

(6) Balance potentiometer Rj. The BAL. potentiometer R¢ is used to eliminate a slow movement, 
or drift, in the servo system that would result from e small duced voltage in the output winding 
of the tachometer. ‘This voltage is present even though the rotor is stationary. Drift is 
eliminated by applying a 400-cycle voltage in series with the output winding so that it cancels 
the zero-speed induced voltage. Potentiometer R4 is connected across the secondary of a 
transformer which has its center tap grounded. Up to volts of opposite phase may be 
picked off of opposite ends of potentiometer R4. Resistors R5 and R1 act as a voltage divider 
which reduces the balancing voltage to the correct value. 

¢. Going-rate Demodulator (Sh 32 and fig. 8). 

(1) Transformers T5 and T6 in the going-rate demodulator have over-all turns ratios of 1:2 and 
have center-tapped secondaries. This gives a 1:1 ralio from the primary to each half of the 
secondary. All resistors in the bridge are of equal value and the rectifiers are polar ed LO pass 
electrons as indicated in figure 8. The reference voltage is applied to transformer T6 and must 
be large enough to control the bridge regardless of the rate-voltage mput at transformer T'5. 
‘The rate voltage comes from the rate potentiometer in the handwhee} assembly. 

(2) Assume that the reference voltage has the phase as sown by the waveforms on figure § and 
consider only the action which takes place during the first alternation. Also consider that no 
signal is present on transformer TS. Electrons will fow from terminal 4 of T6 to point A on 
the bridge then through CR8, R9, R11, CRI, point B and back to terminal 6 of T6. Point D 
is established at half the potential across the bridge because of equal values of RO and Ri. 
‘Terminal 5 of T6 will be at half the potential across the secondary of T6, due to the fact that 
terminal is the center cap. ‘These deductions then make it ebvious (hat point D and terminal 
5 are at the same potential and no charge will exist because of the reference signal except that 
the top half of the bridge will control C2, C3 will not cnarge unless a rate signal is applied to TS. 

(3) Now consider the action of the circuit with the first alternation of the indicated reference 
waveform and also the first alternation of the rate voltage waveform. CRi0 and CRi2 will 
not conduct during this first alternation because of the polarities existing across the bridge. 
In order to keep CRi0 and CR12 from conducting at this time, the reference voltage must 
be larger than any possible rate voltage present in this circuit. ‘he negative voltage present 
at terminal 1 of TS will modify the voltage at point 1 and cause more current through R11 
and CRI and less through CR9, R9. (This ection can probably be better understood if the 
reader considers the negative side of the crystal as the cathode of a diode, and the positive side 
as the plate.) Point D going slightly more negative produces more current through R11 and 
less current through R9. CR9 will not be cut off because of the large value of reference voltage, 
but conductiox through that leg of the bridge will be reduced. The bridge is now unbalanced, 
and electrons will flow from terminal 5 of T6 to the bottom of C2, C3 through the lower helf 
of T5 secondary and then to D, R11, CR1, and back to T6. The results of this flow will 
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Figure 8. Going-rate demodulator, simplified achematic. 


charge C2, C3 with a negative potential on its bottom plate. On the next alternation, the top 
half of the bridge will contro! and the increased current through CR10 and R1 and will give 
the same polarity charge on C2, C3. Only if the phase of the rate voltage should change, in 
comparison with the reference voltages will the polarity of the charge on capacitors C2-€3 
be reversed. The action with reversed phase of the rate voltage is similar to that already 
described except that different legs of the bridge will control and produce opposite charges 
on C2, C3. 

d. Range Coupling Unit (Pg 142, Vol. 2x). This unit is located to the right of center and along the 
rear panel of the target track control drawer. The coupling unit is a junction point for the many range 
servo signals used by the radar during the three modes of operation. ‘The target range coupling unit 
determines the level and matches the input impedances of the various signals that are applied to the 
servo amplifiers during range servo operation. 
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CHAPTER 6 
RANGE SLEW CONTROL UNIT 


25. General 


‘The range slew control unit controls the operation of the range s 
during target acquisition. In addition, associmted eireuitry of th 
the tracking range serve system may be skewed under nunutal control through he 
range in a short period of time. The target range slew conirol unit js located in the control drawer of 
the target tracking console. At any one time, three input signals are applied to the mage slew control 
wit. ‘These three signals are normally the target preknock pulse, the requisition range mark from 
the acquisition range system, and the acquisition tracking range mark from the target mange want. The 
range slew control unit compares the period of time between the preknock pulse and ue acquisition 
tracking range mark with the period of time between preknock and the acquisition range mark. Hf the 
two time periods are equal, the Larget range serve system is already set to the designated range of the 
target. If the time periods are different, the range slew control unit will cause the range slew motor 
to change the range setting of the target radar in the direction necessary to remove the difference. A 
d-e control voltage is also applied to the unit. This voltage disables the unit se that it produces no 
output until the ACQUIRE switch on the control drawer is operated. When the ACQUIRE switch 
is operated, the d-c control voltage is removed, and the slew control unit is permitted te function and 
to exercise control over the range slew circuits and the range slew moter. A ground connection may 
he applied to the range slew control unit from the SLEW switch. This switch provides manual con- 
trol of the range slew circuits and the range slew motor. 


jew motor or Ure range servuinoetor 


unit provides tne means by whiet: 
> inerements of 


26. Block Diagram Discussion 
(fig. 8-12) 


a. Acquivition Range Mark Amplifier VIA. ‘Phe positive acquisition range mark is applied to VLA, 
which is connected as an amplifier-inverter. One stage of voltage amplification supplies all the gain 
that is required. The oulput, taken from the plate of VIA, is applied as a trigger to one grid of flip- 
flop multivibrator V2. 

b. Preknock Amplifier VIB. The operation and biasing of tube V1B is identical to that of VIA 
Jis output is applied to the contro] grid of V2B. 

c. Flip-Flop Multivibrator V2. Muitivibrator V2 is a bistable (fipfiop) multivibrator similar to 
multivibrator V6 in the tracking AFC unit. The stage has two stable operating conditions and must 
be triggered twice in order to complete a full cycle of operation. It is triggered by the preknock pulse 
and again by the acquisition range mark. The output waveform from tube V2 is 2 square wave. The 
positive alternation extends from the preknock pulse to the acquisition range mark and the negative 
alternation from the acquisition range mark to the following preknock pulse. The durations of the 
positive and negative alternations of the waveform vary with the position of the acquisition range mark. 
‘The output of V2 is applied to parapbse amplifier V3B- 

d. Paraphase Amplifier V3B. ‘The output square wave of the multivibrator is applied to the para- 
phase amplifier V8B. This stage converis the single-ended input vollage mto a push-pull output 
voltage. One of the output voltages from V3B is applied to tube V4A, and the other output is applied 
to tube V4B. The output which is applied to V4B is positive-going prior to the acquisilion range mark 
and negative-going after that mark. The output which is applied to V4A ts negative-golng prior to 
the acquisition range mark and positive-going after that mark. 


40 
CONFIDENTIAL—Modified Handling Authorized 


CONFIDENTIAL—Modified Handling Authorized TM $5000-19 
18 May 1956 


e, Delay Line ZI. The acquisition range mark is generated in the battery control trailer and is brought 
to the radar control trailer through coaxial cable. This signal experiences an over-all 0.45-microsecond 
delay with respect to the acquisition tracking range mark. When the range settings of the two radars 
are the same, these two signals should coincide in the renge slew control unit. ‘To insure thet this 
coincidence will exist, the acquisition tracking range mark is apphed through an LO network, Zi, which 
introduces a corresponding 0.45-microsecond delay. 

f. Coincidence Tubes V4A and V4B. The push-pull square wave from tube V3B and the negative 
acquisition tracking range mark from tube V3A are applied to V4A and V4B.  Ouly one section of tube 
¥4 can function at one time. Conduetion can occur only when the acquisition tracking range mark and e 
positive alternation of the square wave are present at the same time. ‘This condition is met for V4A when 
the acquisition tacking range mark occurs after the acquisition range mark. V4B operates when the 
acquisition tracking range mark occurs before the acquisition range mark, At this time a positive 
alternation of the square wave is present at the grid of Y4B. An output signal is produced only for the 
duration of the acquisition tracking renge mark. ‘The output from V4A or V4B, whichever is operating, 
is a pulse of current. One pulse is generated in cach pulse repetition period. The plate of V4A is 
connected to switch tube V5, and the plate of V4B is connected to switch tube Vb. 

g. Suxtch Tubes V5 and V6. ‘The switch tubes V5 and V6 have applied to them the output of V4A 
and V4B, as well as a d-c potential of minus 28 volts. ‘The minus 28-voll potential is a disabling vollage 
which is controlled by the ACQUIRE switch on the target console control drawer, When the ACQUIRE 
switch is operated, this disabling voltage is removed from V5 and V6. When the acquisition tracking 
range mark is ata shorter range than the acquisition range mark, V4B produces w series of current pulses. 
‘These current pulses develop a bias voltage which disables V6. V4B continues to produce an output which 
keeps V6 disabled as long as the acquisition tracking range occurs before the acquisition range mark. 
V4A is cut olf during this period by » negative alternation of the square wave. As V4A cannot conduct, 
¥5 is allowed to operate. When V5 operates, it completes the circuit to the coil of SLEW-OUT relay 
K18. When KiS becomes energized, it causes the slew motor to drive the range servo system out in 
range. ‘This causes the range of the acquisition tracking range mark to be increased unlil it passes the 
position of the acquisition range mark. As the acquisition tracking range mark passes the range posi- 
tion of the acquisition range mark, a switching action takes place. V4A then starts to produce an 
output. V4B, which was formerly producing an output, becomes cut off. The conduction of Vad 
disables switch tube V5. This action deenerg) pw-out relay Kis, which had caused the range servo 
system to slew out in range. With V¥4B ext off, switch tube V6 is allowed to operat The conduction 
of V6 energizes SLEW-IN relay K18, which causes the range servo sysiem to be driven lu a lower range 
setting. This continues until the acquisition tracking range mark again overshoots the range position 
of the acquisition range mark. Another switching action then moves the range system out in range. 
Because of the speed with which the slew motor drives the range gearing (12,000 yards per second), the 
aequisition tracking range mark initially overshoots the position of the acquisition range mark by several 
hundred yards. Ifowever, after the range gearing has overshot the position of the acquisition range 
mark, the slew relays disconnect the slew motor and substitute the range servomtotor in its place. The 
range servomotor then operates under the control of switch tubes V5 and V6 to bring the acquisition 
tracking range mark lo within approximately 50 yards of the position of the acquisition range mark 

h. Rectifiers URI and CR3. Selenium rectifiers CR1 and CR3 are used in the circuit which provides 
manual control of the range slew cireuits and the range slew motor. When the SLEW switch on the 
control drawer is operated, it completes a ground connection to either CR L or CR3, depending apon the 
direction in which it is desired to slew. ‘This energizes the proper slew relay which in turn causes the 
slew motor to drive the range servo system in the desired direction. The SLEW switch allows the 
range operator to slew manually to any desired range setting. 
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27. Detailed Schematic Analysis 

a. Acquisition Range Mark Amplifier VIA. This stage consists of one section of a 2C51 twin triode. 
‘The grid is biased to minus 13 volts (below cut-off) by voltage divider resistors R2-R3. The positive 
acquisition range mark is epplied at jack J2 and is coupled by capacitor C2 to the grid of VIA. Resistor 
R12 is the plate-load resistor for VIA and also for the B-section af multivibrator V2. Thus, the negative 
acquisition range mark at the plate of Y¥1A is applied as one input to the multivibrator. 

b. Preknock Amplifier VIB. This stage is identical to VIA. The tube is biased below cut-off by the 
same voltage divider, ‘The preknock pulse is applied at jack J3 and is coupled to the control grid through 
capacitor (8. The plate-load resistor R18 is shared by the A-scction of multivibrator V2. The 
negative output of V1B provides the second input to the multivibrator. 

¢. Flip-Flop Multivibrator V2. 

(1) General. V2 isa bistable multivibrator. A multivibretor of this type has two stable operating 
conditions. In one of its stable operating conditions V2A conducts and V2B is cut off. Jn 
its other stable operating condition V2A is cut off and V2B conducts. The multivibrator will 
remain in either of its stable conditions until a switching action is initiated by an appropriate 
trigger, at which time it will switch quickly to its other stable operating condition. It is 
therefore evident that V2 must be triggered twice in order to complete one full cycle of operation. 

(2) Operation with V2A conducting. In the condition in which V2A conducts and V2B is cut off, 
plate current of 8.2 ma flows through the common cathode resistor, RIS. “This current develops 
a 42-volt potential at the cathodes. “The voltages at the grid of V2A and at the plate of V2B 
ure determined by the voltage divider consisting of R79, Rid, and R12, which provides poten- 
tials of 242 volts at the plate of V2B and 42 volts at the grid of Y2A. Henee, the A-section is 
conducting with zero bias, whieh is the bias required to produce a plate current of 8.2 ma. 
The current through platc-load resistor R18 consisis of the space carrent of V2A, plus the cur- 
rent flowing from ground through resistors R11 and R13. ‘This combined current produces a 
drop of 130 volts across Rig. Therefore, the voltage at the plate of V2A is 120 volts. This 
voltage, impressed across RV and RIS, establishes a 21-volt potential at the grid of V2B. 
Since the cathode potential is 42 volts, a 2i-volt bias exists on V2B and that tube cannot con- 
duet. ‘The multivibrator will remain in this condition until a negative trigger is applied to 
the grid of V2A, the conducting section. 

(3) Operation with V2B conducting. When V2A is cut off and V2B conducts, the operating voltages 
nre the reverse of those described in the preceding paragraph because the circuit is balanced 
in its design. The stage is stable in this condition also, requiring the application of a negative 
signal to the grid of V2B before a switching action can occur. During one full cycle of opera- 
tion a square wave is generated at the plate of V2B. ‘The amplitude of this square wave, 122 
volts, may be found by determining the difference between the plate voltage with V2B cut off 
anid the plate voltage with V2B condueting. 

(4) Application of preknack pulse. Just before the preknock pulse arrives, V2A is cut off and 
V2B is conducting. The preknock pulse, inverted by V1B, is applied to the grid of V2B through 
capacitor C6. The negative signal drives the grid of ¥2B below cutoff. This causes a sudden 
decrease of plate current through V2B, which in turn causes the voltage at the plate potential 
of V2B to rise sharply. The sharp rise in the plate potential of V2B is coupled to the grid of 
V2A by capacitor C7. ‘The rise in the voltage at the grid of V2A causes a surge of space current 
through V2A. ‘This current surge, added to the current through preknock amplifier V1B, 
rapidly discharges the plate-to-ground capacitance of VeA, causing the plate voltage to drop 
sharply. ‘The plato-to-ground capacitance of the tube consists of the stray capacitance {about 
1 micromicrofarad) in parallel with the series combina-ion of capacitor C6 and the input capaci- 
tance of ¥2B (which depends on the gain and is equal to about 23 micromicrofarads), As the 
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grid-to-ground capacitance of V2B is discharged, the grid potential drops. The action is 
regenerative, continuing until V2A is conducting and V2B is cut off. On first inspection of the 
circuit, it may appear that capacitor C6 (and also C7) is superfluous, since voltage divider 
RI-R13 causes a sufficient fraction of the drop at the plate of V2A to be applied to the grid 
of V2B. However, in the absence of C6, the 25-micromicrofarad input capacitance of V2B 
would have to be discharged through the parallel resistance of Ril and R13 to allow the grid 
potential of V2B to drop. ‘The time required for this discharge is greater than 2 microseconds. 
However, the duration of the trigger (preknock pulse) is only 2 microseconds. Hence. the 
trigger pulse could come and go before the effect could be felt sufficiently at the grid of V2B. 
In such a case, the regenerative switching action previously described would not get sufficiently 
started before expiration of the trigger puise. The function of capacitor C6 is to provide a fast 
discharge path for the input capacitance of V2B during the initial part of the switching action. 
‘This path is from ground through VIB, throngh C6, and through the grid-to-ground capacitance 
of V2B 

(5) Application of acquisition range mark. ‘The acquisition range mark follows the preknock 
pulse by some interval determined by the setting of the acquisition range system. During the 
interval between the preknock pulse and the acquisition range mark, ¥ conducts and V2B 
is cur off. ‘The negative pulse from acquisition range mark amplitier VIA is applied to the 


geid of V2A through capacitor C7. The switching action which then occurs is sunilar to the 

switching xelion initiated by the prekuock pulse, ‘The acquisition range mark drives the 
grid of V2A below cutoff, causing @ sharp decrease in plate corrent through V2A. ‘The voltage 
at the plate of V2.A then rises sharply. ‘This 
V2R by capacitor C6 and causes an inerease in plate current through V2B and a corresponding 
decrease in volinge at the plate of V2B. This decrease in plate voltage is coupled back to the 
evid of V2A. causing a further drop in voltage at that grid. This switching netion rontinues 
until V2A is ent off and V2B is conduc: 
condition until the wext prekaock pis: 
of the multivibrator is tukea from the plate of V2B. After the preknoek pulse Vz.A 1s conducting 
and V2B is cut off. the voltage at the plate of V2B is maximum. After the acquisition range 
mark V2A is cat off and V2B is conducting, the voltage at the phate of 3is minimum. The 
waveform at the plite of V2B for each pulse repetition period is a square wave of approximately 
122 volis amplitude. his square wave is coupled by capacitor CY to the grid of paraphase 
aniplitier of VB. 

d. Paraphase Amplifier V3B. The output of multivibrator V2 is coupled to the grid of V3B. V3B 
converts this input voltage into a push-pull output voltage. V3B has two equal load resistors, R24 in 
the cathode circuit and R21 in the phite circuit. The voltage waveforms developed aero FESISLOPS. 
are equal, since the same current flows through both resistors. ‘The polarities of the two output voltages 
are opposite because the cathode output is taken from the more positive end of R24, and the plate output 
is taken from the less positive end of R21. The operating bias of V3B is limited to the voltage drop 
across R23, since grid resistor R22 is returned to the junction of R23 and R24. The gain of the amplifier 
isneer unity. The output voltage from the plate of ¥3B, which is negative before the acquisition range 
mark and positive after that mark, is applied through C10 to the grid of V4A. ‘The output voltage from 
the calhode of V3B, which is positive before the acquisition range mark and negative after that mark, 
is applied through C11. 

e. Delay Line ZI. This LC network introduces a 0.45-microsecond delay of the acquisition tacking 
range mark to compensate for over-all system delays. This causes the acquisition tracking range mark 
to coincide with the acquisition range mark when the range setting of the target radar is the same as 
that of the range cirele. The network is an artificial transmission line and is terminated in its charac- 
teristic impedance. 


se in plate voltage is coupled to the grid of 


eheavily, “Phe multivibrator will remain in this 


nis auether swirching action. ‘The output signal 
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f. Aequesition Tracking Range Mark Amplifier V3A. ‘Tube V3A armplifies and inverts the acq usition 
uracking range mark, The sequisition tracking range mark is a posiuve pulsc of approximately 10 
volts arpiitude. This pulse is epphed through capacitor C5 to the grid of VoA. Due te vollage 
Vivhier action of R40 and R41 between --25U V and ground, w negative 5 volis exist at Uie grid of VA 
hetween periods of the QPRME pulse, serving to Keep the Cube at cut-oll potentiat, “This 
serves to climmate the negative overshoot occurring at the tating edge of the QPRMB, ¥ the 
ing range mark arrives at the grid, it drives V4 ul the 
voltage at the plate of V8A drops to a very Jow value. This sharp negative pulse is appued use 
C12 to teanslormer THE in the cathode circuit of VA. 
g. Coincidence Tubes VGA and \4B. 
(1) General. “Phe push-pull square wav 


ian also 


inte conducts 


positive aequisiGien tre 


s from paraphase amplifier V3B we applied to Ue grids 
of VoA and V4B, and the negative acquisition tracking range mark is applied to bork ent 
since the plates of V4A and V4B are returned to ground (hrough R2e and Ry: 
V4A and V4B draw ne staite 

(2) Grid-clamping aelon of Val and Vj The grid-cathode fions af \4.A and V4 clamp Ue 
apphed square waves at a level which is only slighily positive wil: respec! to ground.” 
elamping action of V4A is identical to that of V4B. 9 
V4B is positive before the acquis 
#lternution of the 


respectively 


ate current, 


2 square wate applied lo the crit of 
tion raage inark and negative after that niark, Phe positive 


nal driv 


the grid of V4B slightiy positive with resperi te Uae cotiede 
potential and cau 


ms yrid current to flow. The auhode potentiad is sligtidy pesnise with 
respect te ground because of the 
quickly cbarges couphuy 
of Fhe squ 
below cutoff. Becruse of the large value of re 


negative alternation of the signal is negligible (Phe nine re 


small resistance ip the windine of Tho Vis 
capacitor Cli to he max! 
swave. ‘The negative altematic 


ered cure 


at 


sunt amplitude of postive aiert en 
bef VGBs far 
or R26. ibe charge lesi Git 
aptout the KO 
seconds, as compared to the Lvt-anerosecond duration of ane 


qlare wave drives ue 


approsimacely 39.000 tic 
pulse repetition pereod.s 


Any change in the ange at which the requisition 


the relauve duration of the pusitive kad aez 


ona eHuise a eta 


Le oOSYUREEE Wa 


damping action iosures that tie opernion of V4 1s u 


Cs) Curcudt operation. 


ed by such 
et 


UES 


When the range svstem of the target radar is yuh 4 


ark. SUP as canibie ob + 


worl VIA 
wid of V4B 


Uie negative acquestion treki 


Pahe sqaare sane as present a bat 


Is posttice waihy sespect te 


wink Wien 


fange is applicd to the cathede of S4B thai seetics soil 


Vi cont 
ching range i 


conduct for the duration ef the pub: to comduetl obec 


repetition period as leng as the arquisit loeerars Geo geqaisriton 


range mark. Lf the tar traclony radar 


we selling is sci that the acqnisiten emmeking 


range Inark occurs ala greater range thai 
the xequisition treking range mark i 


he s peach. VAAN will conde whet 

applied to its cathode, and VEB will be held cat oil 

(4) Lidegrating capacitors Cid and Ci4. Integrating capaciors Cho and C1f are coniectod te 
parallel with R27 and R2S, r sand between the pistes of VA and VB aad ground 
Since the operation of the Ove circuits 1s identiead, only the operation of C14 vill be explained 
in detail. When the acquisition tracking range park eccurs belere the arquisition range 
mark. V4B conducts onee daring cach pulse repetition period. Each pulse of current through 
V4B acts to charge C14. During the interval between pulses, C14 discharges through 2s 
‘The charge lost by the discharge of C14 is small because of the long Ume constant of the dis- 
charge circuit (approximately 8,600 microseconds). The negative voltage cross Ci ine 


equls 


pective 
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ereases with each succeeding pulse until the discharge current through R28 is equal to the 
current supplied to C14 through V4B during each conduction period. When this point is 
reached. the average voltage across C14 remains fixed at a constant level of approximately 
minus 9 yolts. ‘This negative 9-volt potential is applied directly to the second grid of switch 
tube VG and is sufficient to prevent V6 from conducting. When the acquisition tracking range 
taark oceurs after the gequisition range mark, V4. operates to develop a negative 9-volt 
sat the second grid of switeh tube V5. 
h. Switch Tubes V5 and V6. 
jty General. Pubes V5 and V8 are grid-controlied thyratron tubes. Except during acquire or 
Tetante examine, both tubes are disabled by a negative 28-volt bias applied to the control 
avids through limiting resistors R3O and R31. Motor excitation (120 volts, 490 cy 
applied to the plutes of V5 and V6 through the coils of slew relays K18 and K19, respectively. 
Cor duction of either VA or V6 results in rectification of the applied a-c voltage and causes 
zt ciated slew relay te become encrgized. 
tion tracking range mark oveurs before the acquisition 
a negative 9-volt bias to the second 


Ctrenit aperation. When the acquis 
yange mark. coincidence tube V4B conducts and appli 
wtid af switeh tube V6. This voltage will keep V6 cut off. Phe second grid of switch tube 
Va is et round potential. When the ACQUIRE 
relays AS and K15 arc energized. Contacts of re! 
potential from the control grids of V5 and V6. Phe control grids then 
cormined by voliage divider R34 R36. This pe 
mits switeh tube V5 to eperate. V5 will conduct whenever Ube a-e voltage applied to its plate 
passes through a positive alternation. “Phe conduction of slew-ont relay KIS, 
the 
range cearing ite tke diccetion of incre: the 
nequisition tracking range mark to overshoot the acquisition range mark. As a result, VAA 
beans le operate and V4B becomes cut off. ‘Phe conduction of VAA develops a negative 
vel bias at the second grid of V, ‘This bias holds V5 cut off, and relay KIS becomes de- 
incl. With VaR cut off, however, the second grid of switel tube V6 vises to ground 
‘This permits V6 to conduct, and slew-in relay KG beeomes ene 


itch on the contral drawer is operated, 
Kid open and remove the negative 28-volt 


r toa voltage de- 


itive voliage, approximately 7 valts, per- 


energizes 


which is connected in series with its plate. As a result, che rang slew motor driv 


sing range. ‘The inertia of the mechanisin © 


nized. “This 


wage serve system to he driven in the direction of dee: 


casing: range, thereby brug 
fo the position of the acquisition range mark. 


eqilisilion Uraeking 
bo ienee, VS and V 
slate hack and forth 


ark ahvays oversheots the positien of the acquisiGon range 
ely conduct and cause ihe acquisition tracking range to 
sout ihe position of the acquisition range mark. APler the first 


Jew motor is disconmected, and the rauge > 


esc nent, fhe rane 


rvonoter then operates 


ane -r the conivol of Vo and V6 te bring the acquisition tracking: range mark to within plus 


or tians 50 yards of the acquisition range mark, 

stor R29 develops a cathode bias voltage which 
adds to the (volt bias applied to the second grid of the cut-off thyratron. This cathode bias, 
developed by the condacting switch tube, corresponds to the positive half cveles of the 400- 
lito the plates. Since the cathode of V5 and Vo are tied iogether, the 
we at the cathode adds to the S-volt bias voltage which isp 


(2 Absc dancous cirenit fetails. Cathode re 


corde voltage ap 


jowsitive reetiied + ssert. ab 


sevone grid of he cut-off thyratron, This insures thai the thyratron, which is cut off, 


dues not accidentally fire out of turn. The cathode bias is maximum when the voltage at the 
plates is maximum, and it therefore reinforces the fixed bias at the most critical time. Phe 
gapacitors and resistors, which shunt the coils of relays K18 and K219, smooth the rectified 
current flowing through the coils. This prevents the relays from chattering. 
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(4) Alternate inputs. ‘The foregoing discusston has been based upon the assumption that the 
input signals to the range slew control unit are the preknock pulse, the acquisition range 
mark, and the acquisition tracking range mark. These are the input signals applied under 
normal operating conditions. However, relay cirenits external to the range slew control unit 
make it possible to switch these inputs. This switching is performed to make it possible to 
use the raage slew control unit in conjunction with range-mark signals received from some 
remote source. 

i. Rectifiers CRI and CR3. When the range operator wishes to slew the range servo tem man- 
ually, he operates the SLEW switch on the control drawer. Operation of the SLEW switch to the 
IN position completes a ground connection to CR3. CRS then rectifies the 400-cyele voltage applied 
through K19, and relay K19 becomes energized. This causes the range slew motor to drive the range 
gearing in ihe direction of decreasing range. When the SLEW switch is operated to the OUT pos- 
tion, CRI functions to energize slew relay K18. This causes the range serve system to move in the 
direction of increasing range. 

je Slew Relays KIS and KL9 (Sh 32 and Sh 33). When the ACQUIRE switch is operated, the 
range slew control unit energizes relay K18 or relay 19. These to relays operate in conjunction with 
circuitry outside the range slew control unit to cause the range system to be slewed to the designated 
range, ‘Tho sequence of events which causes relay K18 or relay Kig tw be energized must be under- 
stood clearly. During the interval between the preknock pulse and the xequisition range inark, the 
output of multivibrator V2 is positive. This positive alternation appears at the plate of paraphase 
amphiier V3B as # negative signal, and the grid of coincidence tube V4A is held below entoif. At the 
saine time, coincidence tube V4B is eapable of conduction because a positive alternation of the square 
wave, obtained from the cathode of the paraphase amplifier, is present at the grid of VAB. Hf tlie range 
setting of the target radar is too small, the acquisition tacking mark will appear during this interval. 
This signal, after heing delayed and amplified, is applied to tae two cathodes of coincidence tube V4, 
but the signal causes conduction only in V4B. The plate current of ViB develops a negative 9-volt 
charge on capacitor CH, and this charge holds switch tube V6 cut off. However, coincidence tube VIA 
docs not conduet, and hence no cut-off voltage appears at the second grid of switch tube V5. Tube V5 
then conducts and energizes the slew-out relay Ki8. Exactly opposite conditions exist when the range 
setting of the target radar is too great. In that condition, slew-in relay K19 becomes energized. 
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CHAPTER 7 
RANGE SERVO SYSTEM OPERATION 


28. General 


The target range servo system is capable of several modes of operation. The particular mode of 
operation of the system is determined by the setting of switches and relays present in the control circuits 
of the range se! em. Some of the modes of operation of the system also depend upon the existence 
of certain relationships between the target echo and the signals which are developed in the target range 
unit and in the rauge error channel of the range error detector. These relationships, and the required 
vonditions of control switches and relays, are net fully discussed in this section, but are discussed in 
detail in Chapter 9. The modes of operation of the target range servo system to be covered first are 
mand, sided-manual, and aulomatic. In nianual operation, the range servo system is moved an amount 
proportion] lo the rotation of the range handwheel. In aided-manual operation, the range system is 
moved at arate which is varied in proportion to the xmount of rotation of the range handwheel. During 
antomatic tracking the range system is positioned at a rate determimed by the output of the range 
modulator, {he direction of movement being such as to reduce any range error. When being slewed, the 
range system is caused to move hy a high-speed slew motor at a rate which is much greater than the 
maximiun rate of manual of aided-mannal operation. 


29. Block Diagram Discussion 


a. Manual Operation (igs. 8-1, Sh 32. Sb 33). For 
of the target range unit assembly is driven by range servomotor Bl. Durig manual operation the range 


li modes of operation, except slewing, the gearing 


servormotor 3s caused to run by rulation of the range handwheel. As illustrated in flvure 8 i, the hand- 
wheel is mechanically connected to the rauge handwheel motor tachometer (also designated Bit. This 
motor will be referred to as the handwheel moter. Turning the handwheel causes rotation of the hand- 
wheel motor and tachometer, and the tachometer develops a 400-cycle signal, which is fed through the 
range coupling network to low-power servoamplifier 7. The signal is amplified by the low-power 
servoamplifier and fed through contacts of relay K17 to the range servomotor, Rotation of the range 
servoriolor causes its associated tachometer lo develop a feedback voltage. The feedback signal is fed 
through the range coupling unit to the inpnt of the low-power serveamplifier for serve system stabilization. 

b. Avied-Manual Operation. For this type operation the control voltage for the range servomotor 
is ubiained from the rate potentiomerer R3. Relay K17 contacts will be as shown in Figure § 1, and 
the range MAN-AID-AUTO switch SiC in the AIP position. Turping of SiO to position 2 (AMD) 
engages the magi tutch between the handwheel motor and the brush arm of the rate potentiometer. 
In this condition rotation of the handwheel displaces the brush arm of the potentiometer so that it 
yields « 400-cyele output voltage. This signal is fed through switch S10 and to the range coupling unit 
to low-power seryoamplifier 7. For this type of operation an additional component of voltage is obtained 
from the tachometer of the handwheel motor when the range bandwheel is turned. From this point on, 
the operation of the system is the same as for manual. 

c. Automatic Operation (figs. 8-1 and 8-7). During automatic tracking the system control voltage 
originates in the range error detector. The d-c output of the range error detector is sent to the range 
mmodnlator, the output of which is a 400-cycle error voltage. This, in turn, is fed through the range 
coupling unit to low-power servoemplifier 6. After amplification, the signal is sent through contacts of 
deenergized K17 to the range servomotor B1. The feedback from the tachometer of the range servo-~ 


ita 
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motor serves two functions. t, it is applied t the input of low-power servoamplifier 6 for servo 
system stabilization. Second, since the output of the tachometer isa function of target rate, it is used 
to position the brush arm of the rate potentiometer. This is avcomplisied in the following manner. It 
js applied to the input of LPSA 7, amplified, and sent to the handwheel motor t brough additional contacts 
of relay Kiy. The handwheel motor, through the magnetic clutch, will position the brush arm of the 
rate potentiometer. ‘The output of the rate potentiometer, in turn, will be fed through the contacts of 
switch S10 Gn the AUTO position} and relay Ki6 back to the input of LPSA 7. The signal from the 
rate potentiometer is of opposite phase to that fron: the tachometer of the range servometor. The 
handwheel motor will run only enough 10 cause the rate poterliometer voltage to cancel the feedbucs 
voltage. If ue target is lost, Ki? will energi The system will thea retura to the aided-manual rave? 
of operation, with the sange system being positioned at the same rate as when the target was lost by the 
rd range gate, KAZ wil 


output of Lhe rate potentioncter. When the target echo reappears in the 
again be decnergized, aud the system will return to normal automatic operation. 


30. Detailed Schematic Analysis 

a. Manuat Covteol (Sh 32). For manual operation the primary control signals for the svstom are 
generated in the range bandwheel assembly. This assembly consists of the handwheel motor-tachometer, 
B1, magnetic clutch LI, rate potentiometer R3, and associated mechanical and electrical components. 
The assembly alse contains PHASE potentiometer R2 and BALANCE potentiometer R4. The range 
MAN-ALD-AUTO switch S10 js placed in the MAN position for manual trackiag. As a resuli, the cod 
of magnetic clutch L1 in the range handwheel assembly is energized (clutch disengaged). No excitation 
voltage is applied to the handwheel motor for this mode of operation. Jn manual operation, the range 
handwhecl assembly gencrates a 400-cycle voltage whose amplitude is proportional to the rate al which 
the range handwheel is turned and whose phase either leads or lags motor excitation voltage by G0 degrees, 
depending on the direction of handwheel rotation. The vollage generated by the handwheel drive 
appears between terminal 7 of tachometer B1 and ground. The control voltage from BI is applied across 
load resistor R10 is the range coupling unit, through contacts } and 9 of KiG and contacts 3 nnd 10 of 
Ks. The voltage developed across this resistor is fed through resistor R11 to the input of low-power 
servoamplifier 7. The amplified contro} voltage outpub of servoamplifier 7 is transmitted through 
contacts it and 5 of K17 to the control winding of the range servomotor (terminal 2). The speed fovd- 
back damping voltage is generated by tachometer Bl on the same shaft with the range servomotor. 
The feedback voltage is developed across resistor R3 of the rane coupling unit aid applied to low-power 
servoamplifier 7 through resister R4. 

(1) The PHASE potentiometer R2 is connected in series with the tachometer exciintion winding 
of the handwheel tachometer to compensate for an inherent and undesirable phase shift between 
the tachometer excitation voltage aud the tachometer output voltage. “The resistance of R215 
variable belween zero and 100 ohms. When the PITASE potentioncter is in the position where 
the series resistance is zero oluns, the phase relationship between the excilution voltage and the 
output voltage is incorrect by about one degree. ‘This phase shift varies slightly with tachom- 
eter speed, with temperature, and with tbe frequency and amplitude of the tachometer excita- 
tion voltage. Since the impedance of the excitation winding is inductive, its voltage lags 
the excitation voltage. Introduction of resistance in series with the ding reduces the 
angle of lag and thus advances the phase angle of the output vollage. By adjustment of R2, 
it is possible to obtain the correct phase angle belween the output voltage and tachometer 
excitation voltage. 

(2) BALANCE potentiometer R4 eliminates servo drift, which results from a small voltage induced 
in the tachometer output winding although the tachometer rotor is stationary. This voliage 
ig amplified sufficiently to cause the range servomotor to run at e low speed, even with Ue 
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‘ie voltage in 


pu vollage 


range haadwheel held statics The drift is elnoinated by applymy a 460-cy 
with the output winding so that it cancels the zero speed 

whicb is in phase with ihe sigral. This is accomplished Ly coturning the not nially grounded 
end of the output winding to ground de stor Ri. Potencometer Ra es connected 
condary winding of a transformer whose cetster is crowned. “Phe voltage 


The yollage on tie: poten~ 


seule! cbameler 


ugh res 


calpui of this windin, is 6. 
tiometer atm is zero in the ec dciber exireme positior The 
phase of the voltage on one side of the center position Js epposte te thet on the othe: side of 
the center position. A voltage of 6 to 6 
of R4. 


Resistors Ri 


in value re- 


Gia 


and Rl act asa voltage divider te reduce the compe 
Guived for balancing the tachometer output when the handwheel is station ar, 

bh. Aided-Manual Control (Sh 32). For aided-mancel tracking, the range SEAS ALD-AL TG 20 itech 
must be is the APD position. Tn this condition the magnetic clutch is engayed. fn ale tracking, 
as in manual tracking, the primary control signals are obtained from the range handcheel as: enbhy 
In this case, however, the signals are not generated in the hundwheel tachometer, but are abtained 
from the RATE potentiometer R3, which is meclunically coupled to the handwheel 
mayuruc clutch. This petentiometer is connected across the same winding: of the sane transformer as 
in Uw BALANCE potentiometer R4. Accordingly, the voltage on tac L yoof the RATE po- 
tontio: tof the bri 


sa lasts 


throng: the engaged 


pa 


weier is zero in che center position and inereases linearly with the displeceme 
trom the center position. The potentiometer brush aem is suspended on springs which keep it centered 
when the hi is disengaged (manual tracking). The voltage obtained from opposite sides of the 
ater position is 6.3 volts. Six revolutions of the handwheel move the potentiometer brush aro front 
thy zero pusition to the extreme position. ‘The effect of ie control voltage upon the of the cange 
servoutotir is such that, for each volt of control volinge, the range systema gearing iy caused to rotate 
ai i speed wiich is equal lo a range rate of 105 yards per second. “The muximum aided rate therefore 
about 630 yards per second. When either extreme position of the RATE potentiometer is reached, the 
brush uria bits a stop, but the magnetic clutch slips and allows continued retatun of the range hand. heel. 
The control voltage from the RATE potentiometer is fed through switch SiO, and the range coupling 
network to Lhe input of low-power servo-amplifier 7. The effect of the rate voltage from thereon identical 
with the effect of the manual tracking control voltaye. ‘The composite signal applied to the input of 
low-power servoampliier 7 consists of three components during aided operation. The RATE po- 
Lentiometer voltage and the range servumotor tachometer feedback voltage are two of these component 

The third component is obtained from the tachometer output in aided operation as well as in manual 
operation. Tlis voltage is applied te the input of low-power servoampli 
in mannal wacking. This voltage is not proportional to the rate at which the range system gearing 
retates, but te the acceleration or deceleration of the gearing. Such a veltage 
derivative «mtrol voliage. It ro when the handw stationary und the range system gearing 
is rotated at a constant cate. When the rate is changed by rotation of the range bandwhoel. the second 
derivative voltage gives rise to an extra amount of torque required for increasing the rale of rotation of 
the gearing. or te the breaking werque required for slowing down the rate of rotation. ‘The tage 
supplied by the handwheel techometer during aided tracking im: have a second fenction which 
differs from the seeond-derivative function. ‘This function occurs when the maximura aided rate (650 
yards per second) is insufficient for tracking. In tht case further rotation of the handwheel cannot 
increase the rats voltage, and the voltage generated by the handwheel tachometer ceases to be a second- 
derivative voltage. It then simply adds to the maximum RATE potentiometer output voltage in pro- 
portion ta the rate of handwheel rotation. This enables the operator to contiaue tracking ® target 
even though the maximum aided rate voltage may not be sufficient. ‘Tins type of operation does not 
come strictly under the heading of aided tracking, but rather manual iracking facilitated by sided rate. 
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¢. Automatic Control (Sb 32). For automatic range tracking, the range MAN-ATD-AUTO switch 
must be in AUTO position and relay Ki7 deenergized. During automatic tracking the magnetic clutch 
is engaged. ‘The primary control signals are generated in the range modulator. The 400-cycle range 
error voltage from the range modulator is coupled to the input. of low-power servoamplifier 6 through 
resistor R1 in the range coupling unit. ‘The output of this arnplifier is fed through relay K17 to the 
control winding of the range servomotor. ‘The feedback voltage from the associated tachometer is fed 
back to the input of low-power servoamplifier 6 through resistor R2 in the range coupling unit. The 
feedback voltage from the tachometer of the range servomotor is used also for setting the RATE poten- 
tiometer so that if the target is lost and the system reverts to aided tracking, the RATE potentiometer 
will already be set to approximately the correct value. ‘Te accomplish this, part of the feedback voltage 
from the range servomotor tachometer is applied to the input of low-power servoamplifier 7 through 
R4 in the range coupling unit. Part of the voltage from the RATE potentiometer is used in this circuit 
action and is applied to servoamplifier 7 through switch S10 and resistor R7. Potentiometer R19 and 
resistor R18 in the range coupling unit form a voltage divider for this voltage. If the brush arm of the 
RATE potentiometer is on the correet side of the center position, the voltage from the potentiometer 
will be in phase opposition with the feedback voltage. ‘The valiage across Ril and R10 results from 
two opposing components of current, one of which flows throug. K4 as a result of the feedback voltage, 
and the other through R7 as a result of the rate voltage. The effective voltage across R10 and R11, 
which is applied to the input of low-power servoamplifier 7 is due to the algebraic addition of the two 
current components. When the brush arm of the RATE potentiometer is in the correct position, the 
two currents cancel so that their sum is zero; thus, the voltage at the input of servoamplifier 7 is zero. 
The amplitude of the feedback voltage equals the rate voltage when zero potential is caused to exist at 
the input of servoamplifier 7. The values of R4 and R7 are chosen so that voltage required to produce 
@ given range rate will draw the same amount of current through Rid and Rit as will be drawn through 
R4 and R? by the feedback voltage developed at that particalar rate. When the brush arm of the 
RATE potentiometer deviates from the correct position, there appears at the input of servoamptifier 7 
a voltage proportional to the deviation. The phase of this voltage depends upon whether the rate 
voltage is too large or too small. This residual voltage is amplified in servoamplifier 7 and applied 
through contacts 6 and 7 of deenergized relay K17 to the control winding of the handwheel motor. In 
automatic tracking, this motor has power applied to its excitation winding. Thus, the motor drives the 
brush arm of the RATE potentiometer through the gearing end the engaged magnetic clutch in the 
range handwheel assembly. The phase of the voltage from servuamplifier 7 is such thet the motor rotates 
in a direction to minimize the error in the rate voltage. The feedback voltage required to stabilize the 
servo loop which controls the RATE to the input of low-power servoamplifier 7 through contacts 1 and 
9 of K16, 3 and 10 of K14, and RII in the range coupling unit. 
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CHAPTER 8 
RANGE SYSTEM CONTROL CIRCUITRY 


31. Modes of Operation 

a. General (Sh 31 and 32). This discussion will cover the operation of the relays and switches as 
they affect the specific operations to be discussed. Some of the relays have their coils shown on one 
page and their contacts on another. This discussion will give the relay number and the number of the 
contacts being used, but will not refer to the page unless # part of the relay being used is not shown on 
one of the two references given. 

&. Manual Operation. For manual operation, it is necessary to energize the range MAN-AID relay 
Ki7. ‘The path to energize this relay is completed through contacts 1 and 9 of decnergi ACQUIRE 
relay K15, and B and I of the range MAN-AID-AUTO switch $i0, which is the MAN position. Con- 
tacts § and 11 of K17 complete the circuit between low-power servoamplifier 7 and range servomotor 
Bi. The output from the range handwheel drive to the range coupling unit is completed by contacts 
1 and 9 of deenergized RANGE CAL relay K17, and 3 and 10 of deenergized ACQUIRE relay K15. 
Magnetic eluteh LL! in the handwheel assembly is energized by contacts Aand 1 of RANGE switch 810. 
Energizing 1.1 disengages the clutch and mechanically disconnects RATE potentiometer R3 from the 
handwheel. 


c. Aided-Manual Operation. As in manual operation, MAN-AID relay Ki7 must be energized for 
aided-manual operation. ‘This is accomplished in the same fashion as in manual operation, except that 
contacts B and 2 of RANGE switch S10 are used instead of contacts B and 1. One path from the 
range handwheel assembly to the range coupling unit is the same as that used in manual, The magnetic 
clutch L1 in the bandwheel assembly is deenergized since RANGE switch S10 is now in the AID posi- 
tion. This action engages the clutch end mechanically connects RATE potentiometer R3 to the hand- 
wheel, An output path from the RATE potentiometer in the hendwheel assembly to the range cou- 
pling unit is now completed by contacts © and 2 of RANGE switch 516 and contacts 3 and 10 of 
deenergized RANGE CAL relay K16. 

d. Automatic Operation. For automatic operation, MAN-AID relay Ki must be deenergized. 
This is accomplished by placing S10 in the AUTO position and removing ground from K17. The cir- 
cuit between low-power servoamplifier 6 and the range servomotor is completed by contacts 10 und 3 
of K17. The manual and aided-manual circuit between low-power servoamplifier 7 and the range 
servomotor is broken by open contacts 11 and 5 of Ki7. The magnetic clutch coil, 1.1, is deenergized, 
and the elutch mechanically connects the RATE potentiometer R3 to the handwheel. In case the 
target is lost, the range system will then go into aided tracking at approximately the same rate that 
existed when the target was lost. RATE potentiometer R3 is positioned by motor B1 in the handwheel 
assembly under control of low-power servoamplifier 7. This circuit is completed through contacts 11 
and 6 of deenergized relay K17. The connection between RANGE switch S30 and terminal E51-2 is 
not wired in if it is desired to establish a trecking rate while acquiring a target. If this strep is in, 
magnetic clutch coil 1.1 will be energized through contects A and 2 of $10, E51-2, E51-1, and contacts 
1 and § of energized reley K8. Under this condition, no rate can be esteblished while acquring a target 
since the magnetic clutch is disengaged. Removing this strap causes the clutch to engage and allows a 
rate to be established while ¢ target is being acquired. The equipment will generally be received with- 
out the strap. 
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32. Slew Control Circuits, Detailed Analysis 
a. General (figs. &-1.1, 8-13, and Sh 32 and 33). The range system may be driven to the range 
designated cither by the acquisition radar or by the fire direction center by operating the ACQUIRE 
switch, 85. The system mar be slewed manually to any desired range by operation of the range SLEW 
switch $7. Slewing is accomplished by the slew motor BS loce:ted in the range unit assembly. Whon 
the slew motor is energized, it attains full speed very quickly. The rotation of the slew motor operates 
a centrifugal clutch which disconnects the drive motor from the gear train and connects the slew motor, 
8. Slew Motor. The slew motor is a special type of capacitor-run induction motor, especially adapted 
for reversible operation. Only one jead need be switched to reverse the direction of rotation. Figure 9 
shows a simplified diagram of the slew motor with its control circuit. ‘Terminal 5 of the slew totor is 
always connected to 120 volts motor excitation while the slew rotor is being used. Terminal 4 is per- 
manently connected to ground. Terminal 3 is connected through capacitor Ci tc 120 volts when the 
motor is driving the range assembly in the direction of increasing range, but is connected through Ct to 
ground when range is being decreased. ‘The necessary switchirg action is accomplished by a group of 
relays. Capacitor Cl provides the 90-dcgree phase shift for one winding of the motor, 
c. Manual Slewing (Sh 32). 
(1) The range slew circuits are arranged so that the operator can manually slew the tracking servo 
system to any desired setting. When SLEW switch S7 is placed in the OUT position, lerminal 
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Figure 9. Range slew motor, simplified diagram. 
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11 of Pi on the target range slew contro! unit is grounded. The ground circuit is completed 
by contacts 1 aad 2 of SLEW switch 87, 8, and 12 of the deenergized ACQUIRE relay K15 
and ~ and 12 of deenergized ACQUIRE relay K6 (ACQUTRE relay K15 is energized only 
while ACQUIRE switch $5 is operated). It is apparent that automatic and manual slewing 
cannot inke place et the same time. ACQUIRE relay K6 is not energized unless remote 
data from the fire direction center is being used and it is desired to examine this data. Te 
is possible to shew the range system manually only if automatic slewing is not taking place and 
remote data is not being cxamined. The ground that is applied to terminal 11 of PL com- 
pletes a path for motor excitation that is applied to terminal 7 ef Pl. Reetifier CR1 in the 
yange slew control unit serves as @ half wave rectifier. Included in the path of CRI is celay 
Kis, When SLEW switch 87 is placed in the OUT position. relay K18 will become energized. 
Contacts af relay Ki8 then apply power to slew motor BS. ‘Terminal 5 and terminal 3 (through 
CH) are connected to motor excitation through contacts 12 and 7, and tf and 5 of energized 
relay N13, upperdimit switeh S3, 10 and 3 of deenergized relay K21, and § and 1 of deener- 
giaed relny K22. ‘This causes the slew motor to drive the range serve system in the direction 
of increasing range. 

The upper-limit switch S3 is provided to stop the slew motor when the range servo reaches 8 
setting of 96,500 yards. At that point, a cam opens upper-limit switch $3, and excitation is 
reraoved from terminals 3 and 5 of slew moter BS. The limit switeh is a safety device pro- 
vided to prevent damage which could result if the range servo were driven against the mecham- 
exl limit with ihe fall force of the slew motor. 

When SLEW switch S7 is placed in the IN position, terminal 9 of Pi on the range slew control 
unit is gronuded. ‘This completes a path for motor excitation through reetifier CR3. The 
path is the same as that through CRI, except that contacts 2 and 8 of S7 are used instead of 
1 and 2, snd relay K19 becomes energized instead of K18. With K19 energized, terminal 5 
of the slew motor is connected to motor excitation through contacts 11 and 6 of deenergized 
relay K21. Terminal 3 of the slew metor is connected through Ci to ground throagh con- 
tacts 12 and & of deonergized relay K18. With motor excitation on one winding, the other 
two windings grounded, the slew motor will drive the range servo m the direction of decreasing 
range until the lower-limit switch is opened by a cam. Lower-imit switch prevents the 
range serve from being forcibly driven into the mechanical limit. Motor excitation is re- 
moved from terminal 5 of the slew motor when the lower-limit switch operates. This nction 
takes place at a range of approximately 500 yards. ‘The servomotor will then drive the range 
system at a much slower rate until it is against the mechanical stops. 

There is a small folding handle on the range unit assembly to enable a maintenance man lo 
control the rotation of the range assembly manually at the unit (in the range and receiver 
cabinet). Unfolding the handle opens HANDWIIBEL switch SI and thereby opens the 
cirenit to terminal 5 of the slew motor. This arrangement prevents slewing of the range 
servo system, cilher manually or automatically when the handwheel is being used. 

The slew motor and drive motor are connected to the same gear train. When the slew motor 
starts, the -entrifuga! clutch disconnects the drive motor from the gear train. As soon as the 
elew motor stops, it is disengaged, and the drive motor is again engaged in the rain. A brak- 
ing voltage is applied to the slew motor when SLEW switch $7 is released, due to relays K18 
and KI9 both being deenergized. When the slew motor starts rotating, CENTRIFUGAL 
BRAKING switch S4 closes. (When the motor is siationary, the switch is open.) Although 
84 may be closed. the braking voltage cannot be applied to the motor until relavs KS and 
K19 are bath deenergized or K2G and K21 are both energized. Relays Ki8 and Kid are 
deenergized when SLEW switch S7 is released. With either K18 or K19 energised. the 


53 
CONFIDENTIAL—Modified Handling Authorized 


TM 9-5000-19 CONFIDENTIAL—Modified Handling Authorized 
18 May 1956 


braking voltage is removed from the slew motor, and only a-c potentials may be applied. 
However, if both are energized, the braking voltage will be applied. 


d. Acquire Operation (Local) (Pg 272, TM 9-5000-25). 
(1) For local operation, LOCAL-REMOTE switch $4 is in the LOCAL position. In this type of 


operation, the acquisition radar is used to designate targets to the target wracking radar. 
Relay K23 is deenergized when S4 is in the LOCAL position, as it is dependent upon contacts 
2 and 3 of St for a ground circuit. With this relay deenergized, the inputs to the range slew 
control unit are the acquisition range mark (through contacts 8 and 12 of deenergized relay 
K23), the acquisition tracking range mark, and the target preknock pulse. For the purposes 
of explanation, it will be assumed that the acquisition tracking range merk is initially at a 
shorter range than the acquisition range mark. The range servo system must then be slewed 
outward in range to the position of the acquisition range mark. 


(2) When a target is designated from the acquisition radar to the target tracking radar, the inter~ 


section of the range circle and steerable ezimuth line is placed over the target. The tracking 
operators are then signaled to acquire this target. ‘The tracking azimuth operator then operates 
ACQUIRE switch S5, and ACQUIRE relay K8 (KQC) is energized by the completion of the 
ground circuit to one side of this relay through contacts 4 and 5 of S35. Range ACQUIRE 
relay K15 (KQ) is now energized through contacts 12 and & of deenergized relay K1 and con- 
tacts 10 and 2 of energized relay K8 (KQC). Energizing relay K15 (KQ) disables the menual 
slew circuit by breaking its own contacts 8 and J2. Also, the minus 28-volt potential that 
normally disables the range slew control unit is removed from that unit by the now open 
contacts 6 and 11 of K15 (KQ). Contacts 9 and 2 of K15 (KQ) provide a ground circuit of 
relays K2 in the range modulator and for MAN-AID relay K17. The energizing of relay K17 
sets up aided-manual operation of the normel range serve system. [Munual operation is 
disabled by contacts 10 and 3 of Kis (KQ), disconnecting the range handwheel assembly 
from the renge coupling unit] Motor excitation is removed from the handwheel assembly 
by contacts 12 and 8 of K8 (KQC). The purpose of this arrangement is to allow the range 
operator to establish a rate in range while » target is being acquired. To accomplish this, 
MAN-AID-AUTO switch S16 is operated to the AID position to engage the magnetie clutch 
in the handwhceel assembly. The output of rate potentiometer R3 is connected to the rango 
coupling unit through contact 2 and C of S10 and 3 and 10 of deenergized relay Ki6. The 
output of low-power servoamplifiers is connected to the drive motor through contacts 11 and 
5 of energised relay Ki7. The drive motor will rotate at a speed determined by the rate 
established in the handwheel ussembly. As soon us the ACQUIRE switch is released, the 
drive motor will drive the servo at this rate. ‘The purpose of energizing relay K2 in the range 
modulator is to allow the capacitors in the input. of this unit to assume a charge proportional 
to the range rate of the target. This is to establish au iuput to the range modulator before 
automatic operation. In other words, the capacitor will already have a charge proportional 
to the range rate of the target before automatic opera:ion begins. 


The minus 28-volt potential is removed from the range slew control unit, and this unit can 


respond to the relative position of the acquisition renge mark and the sequisition tracking raaga 
mark. Since an assumption wes made to establish a skyw-out condition, the range slew control 
unit will energize OUT relay K18. Contacts 2 and 9 of K18 complete » ground cireuit for K20, 
‘This ground path is through 2 and 9 of energized relay Ki8, 12, and 8 of decnergized relay Ki, 
and 2 and 10 of energized relay K8 (KQC). Relay K20 provides its own holdiag cireuit through 
contacts 9 and 2 and cannot become deenorgized until the ACQUIRE switch is released. In 
addition to energizing relay K20, relay K18 applies motor excitation to terminal 5 of the slew 
motor through contacts 9 and 1 of deenergized relay K22, 10 and 3 of deenergized relay K21, 
upper-limit switch S83, and Hi and 5 of energized relay Ki8. Terminal 3 of the slew motor is 
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connected te motor excitation by contacts 12 and 7 of energized relay K18. The rotation of the 
slew motor wil! drive the range servo to increase range. ‘The rotation of the slew motor causes 
the normally open centrifugal clutch geared to the slew motor to engage. The slew motor 
now drives the gearing assembly at a rate of 12,000 yards per second. 

(4) As soon as the range servo bas been slewed outward to the designated range, the s 
in the range slew control unit disconnects the energizing path for relay Kis, but this action does 
not tuke place until the exact range 1s reached. Due to its inertia, the motor will continne past 
this point. and an error will be present in the range slew controi unit to produce a slew-in 
condition. ‘This causes relay K19 to become energized. Contacts 2 and 9 of K19 complete a 
ground cireuit for relay K21, using the same path as was used by K20. Relay K2t completes 
its own holding cireuit by its contacts 2 and 9. Since relay K20 remains energized due to its 
holding contacts, relays K20, K21, and Ki9 are now energized. The breaking of contacts 10 
and 3 of K2] removes motor excitation from terminals 3 and 5 of the slew motor. The d-e 
braking voltage is uow apphed to terminal 5 of the slew motor through S4, contacts 10 and 4 
of energized relays K20 and K21, lower-hmit switch 53, contacts 12 and 7 of energized relay 
KI, and 6 and 1 of deenergized relay Ki9. ‘The slew motor is stopped quickly. When the 
motor stops, CENTRIFUGAL switch S4 opens and removes the braking voltage. ‘The slew 
motor is thereby ready for the next slewing action. Also, the centrifugal cluteh disengages 
the slew motor from the gear train and engages the drive motor. 

(5) With relay K19 energized and the drive motor connected to the gear train, 6 4-volt servo exci- 
tation from transformer T'6 3 Uhnrough contacts ti and 5 of Ki9, il and 6 of deenergized relay 
K2z, and throught the range coupling unit to low-power servoamplifier 7. This amphtier ts 
comected to the drive moter through contacts 11 and 5 or energized relay K17. ‘The drive 


irehing cireuit 


motor will cause the range servo to decrease the range of the servo system until the range slew 
contro} unit causes K19 to deenergize and KiS to energize. (Relays K20 and K21 remain 
energized due to their holding circuits.) The braking voltage is not applied to the slew inotor 
because S2 is open, but neither is moter excitauen applied, so the slew motor will hot operate. 
However, §.3-volt. a-¢ excitation from transformer ‘J'6 3 is applied to the low-power serve- 
amplifier Urough contacts i) and 4 of energized relay K1S, Tf and 6 of deenergized relay K18, 
and deenergized relay K22. “Phe servo drive motor will now drive the range system to in 
creuse range until the range stew control unit again reverses the conditions of relays Kis and 
Kid. Until the ACQUERE switch is returned to the normal! position, relays KiS aud K19 
energize and deenergize alternately, reversing the phase of the serve excitation voltage fed to 
the range coupling wt. As a result, (he servomotor oseillutes back and forth. The maxi- 
mum excursion from the correet value corresponds to approximately 50 yards. Osrillation of 
the vo system tikes place even im the presence of an aided rate voltage set in as explained 
earlier. When the ACQUIRE switeb is released, relays K20 and K21 are deener 
KS (KQC) becoming deenergized, and the minus 28 volts disabling voltage is reappli 
slew control unit theewsh contacts 10 and 3 of decnergized relay K 

wized telay K15 (KQ) to F16 4 of the range siew 
gized im the correct order to siew outward m range are Ks. Kis, Ky. KIS, 
age mark 


seul due te 


to the 


J and Gand tf) of de- 


ener utrol amt. ‘Phe relays that are ener- 
and KIS 


ay 


(6) Hf the acquisition wrecking rai peter range than the acquisition snark, 


Sab 2 


ic is necessury to slew the target range assembly in the direction of decreas 


Rare 


accompli 


hed it a manner similar to that empioyed for slewing out in range, The 
are energized to slew inward in range are, in order, KS, KS, 17, KI, and KYt 
(7) 'To slew to the range of a designated target. the slew motor provides the driv 
the range is reached and is exceeded slightly. The servemotor then wai 
the range serve to oscillate about the correct range. “The driving voltage fro 
servo excitation, and during acquisition this voltage is supplied by wansfermer 


5 power until 


over and exuses 


the servoniotor 
This 
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CHAPTER 9 
RANGE CALIBRATOR 


34. General 


In steering the missile wo the target, the computer is concerned with the coordinate distan: 
the target and missile. The computer obtains this 
that of target position. Since position is a funetion of range. it is extremely important that bo 
have exactly the same deg sd. nero 
range error will be obtained only when the missile actaally collides with the target. To illustrate thi 
assume that @ target aud # missile are at the same azimuth and clevation, that the target range is 10.100 
yards, and that the missile range ts 10.000 yards. If both radars have a 1 pereent over-range crrer, he 
apparent target and mosile ranges are 1201 yards and 10,100 yards, respectively, and the calenirted 
difference is 101 yards (10.201 yards minus 10.100 5 ards) instead of the actual 100 yards. The er 
thus generated is small and can be neglected. 
range error. ‘The calculated difference ts now 


bets con 


information by comparmg ithe missile position to 


radars 


«of range measurement acenrecy. When Us condition is impos 


ime now that only the missile radar has a 1 percent 
of 
in this Instanec. is watruc since the two 
are actually 100 yards apart. Errors of this magnitude would render the Nike aystem ineffective. 
Thus, i can be seen that, while absolute range is wot extremely important, the relative rungs cr 
between the two radars must be exceedingly small. This is accomplished by calibrating the range 
aystem of the two radars against a single standard, the range calibrator, ‘The purpose of the mnge 
calibrator is to provide syne pulses and 500-yard marke 
video during range calibration. These pulses will produce the range error voltages which are nee 
in simultaneous range calibration of the missile and target-tracking radars 


ove: zero instead of 100 yards. A difference err: 
gero indicates that the missile and target have collided, whict 


a 


which may be used as the preknock putse and 


ary 


35. Block Diagram Discussion 
(fig. 8-15) 

a. General. The range calibrator is located on slide 4 in the 

one calibrator is used in the calibration of the tracking radar 


adar range and receiver cabinet. Only 


ince iL is necessary that the range syvstenis 
be in synchronism to insure accurate calibration. ‘Phe incters located on the froat ef the slide are the 
RANGE ERROR meters 
and receive inputs from the associated range error detector. During range calibration the range 


One meter indicates target range error and the other missile range erres 


gystems are adjusted to obtain zero range error difference. as indieated on these meters 

b. Oscillator Vi. ‘Phe range calibrator has no signal input. Oscillator Vi performs the timing for 
both the missile and target sections of the calibrator to insure chat the ruige systems are synchronized 
during the calibration procedure. Oscillator V1is basically a 2-stage, RC-coupled amplifier with pasiive 
feedback between stages. The oscillations of the tank cireuit are sustained and stabilized by crystal- 
controlled feedback. ‘Phe crystal varies the phase of the feedback if the frequeney of the oscillator 
tends to change, causing an apparent change in capacitance or indretance in the link cwealt. This 
apparent change causes the frequency of the oscillator to return to 328 ke. The erystal which controls 
the oscillator is contained in an oven which is maintained at a constant temperature by a thermister- 
controlled heating clement. ‘The oscillator generates sine-weve voltages at n frequency of 328 ke. 
The period of t cycle at a frequency of 328 ke is 3. microseconds, which is equivalent te 3500 yards 
radar range. ‘The output of V1 is applied to paraphese amplifier V2, where it will be used in the genera- 
tion of the calibrator sync pulses. 
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c. Paraphase Amplifier V2. V2 is a dual-triode with its sections connected in parallel. The input 
from V1 is applied to the grids of V2, and outputs are taken from the plates and cathodes. The output 
signals are two 328-ke sine waves, equal in amplitude and 186° out of phase. These signals are applied 
to phase-shifting networks R52 and R53. 

d. Phase-Shifting Network R52. R52 and associated cireuit components comprise an RC-phase- 
shifting network, which is used to shift the phase of the 328-ke sine wave through any number of de- 
grees between @ and 360°. The phase shift introduced by R52 determines the position of the 500-yard 
markers in relation to the calibrator syne pulse. 

e. Prulse-Forming Amplifier V8.1 and V3B. A 328-ke sine wave of a phase determined by R52 is 
applied to pulse-forming amplifier V3A, where it is amplified and inverted. The output is apphed to 
V3B. A square wave appears at the plate of V3A because of the action of the grid circuit of V3B. 
During the positive half-cycle of the signal at the plate of V3A, grid current flows in V3B, effectively 
lowering the resonant frequency of the tank circuit and the signal is limited. The negative half-cycle 
is also limited by the action of the grid circuit of V3B, and the resulting square wave at the grid of V3B 
is clumped negative with respect to ground. ‘The signal is amplified and inverted by VAB. A crystal 
limits the positive pulse, which would otherwise appear at the primary of the transformer, and the nega- 
tive pulse is inverted by transformer action. The output at J2 is a series of positive 50-yard markers. 
"These markers are applied to the missile range error detector, where they are used as video of a known 
range to provide range error voltages during calibration procedure. 

f. Phase-Shifting Network R53. R53 functions in the same manner as R52 to shift the sine wave 
through 360°. R53 is used in the generation of the 500-yard markers for the target tracking radar. 
The signal from R53 is applied to pulse-forming anrplifier V4A. 

g. Pulse-Korming Amplifier V4A and V4B. V4A and V4B produce 500-yard markers in the same 
manner as V3A and ¥3B. The output from V4B js used in the target range error detector as video 
during range calibration. 

h. Amplifier V5. The output of V1 is applied to amplifier V5. In the grid circuit of V5, the positive 
half-cycle of the sine wave from the cathode of V1 is limited. The negative half-cycle drives V5 below 
cutoff. Positive square waves appear in the output of V5. The square wave output is applied to 
cathode follower VGA, where it is changed to trigger pulses which are used to synchronize multivi- 
brator V7, and to gating cireuit V6B, where the pulse is gated. A pulse results which is used to trigger 
blocking oscillator VSB. 

i. Cathode Follower VBA. ‘The square wave from V5 is differentiated in the grid circuit of V6A. 
The pulses from V6A are used to synchronize multivibrator V7. 

j. Multivibrator V7. V7 is a free-ronning multivibrator which produces a square-wave output at a 
frequency about 1,000 eps. ‘The pulse from V6A synchronizes V7 with the oscillator and thus with the 
500-yard markers. The square-wave output of V7 is applied to delay network Z5. The negative- 
going edge of the waveform is very steep. ‘The rest of the waveform is unimportant becanse the nega- 
tive-eoing edge is the only part used. 

k. Network Z5. Network ZA, in conjunction with V7 and V8A, forms a quarter-cycle oscillator. 
The negative-going edge of the waveform from V7 starts the querter cycle of oscillation which is damped 
by grid current flow in VSA and current flow through a crystal when the grid of V8A goes slightly positive 
with respect to ground. ‘This action places a low-impedance shunt across the coil of the network, 
and the oscillation is rapidly damped. The components in the network are selected so that V8A is 
held cut off for 4.5 microseconds. This signal occurs at a frequency of about 1,000 pps. 

Ll. Amplifier V8A. ‘The negative signal at the grid of V8A holds it cut off for a period of 4.5 micro- 
seconds. The positive 4.5-microsecond square wave which results at the plate of V8A is applied to 
gating circuit V6B. 
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m. Gating Cirewt V6B. V6B is a cathode follower which operates as a cuincidetice tube. VSB is 
normally cut off by a positive potential placed on iis cathode. The square wave from Va is different 
tiated in the grid cireuit of V6B. Neither the pulse from Va or the square wase from V8A cs i 
enough to drive V6B into conduction. However, when these signals are cuincident, thew con: 
voltage will cause V6B to conduct and yield » positive signal at its cathode. 
used to trigger blocking oscillatur ¥8B. V6B insures that the blocking oscil 
chronism with the 328-ke oscillator even though the output of V7 shifts 

nu. Blocking Oscillator VSR. V8B is a conventional blocking oscillator. Between pulse 
is held cut off. When the positive cutput of V6B is applied, the tube conducts, atid a negative puls« 
appears at the plate of the blocking oscillator. The negative pulses from the plate are inverted by 
transformer action and applied to jacks J4 and J5. The pulses at J4 and dé are ¢ Poses ralses, 
that are synchronized with the J28-ke oscillator and have 2 prf of 1,000 pps. Thess pulses are used tr 
trigger the range phantastron and the main gate generator in the range unit assemblies of the target 
and missile radars during calibration procedure. 


36. Detailed Schematic Analysis 
(fig. 8-16). 

a. Oscillator Vi. Oscillator VI generates a stable 328-ke sine wave used for Liming the action of dee 

entire range calibrator. The oscillator is crystal controlled by Y1 and is basicall : 


slightly in Hime 


the tube 


C1, C2, C8. and C9, and the capacitance of ZL at 328 ke. Minimum impedance is presente: 
resonance (328 ke). The feedback from the tank cirenit 10 the grid of V1A is in phose with the voltage 
at the plate of VII, thereby sustaining the oscillations. Jf the frequency of the tank cireult tend 
rise above the frequeney of the erystal, the impedance of the crystal appears inductive. The inductunce 
of the crystal causes the current through R2 to lag the feedback voltage. The voltage developed across 
R2 as a result of this current lags te voltage at ihe plate of VIB (the feedback). The signal from VIA 
is applied to ViB, causing the plate current of VIB to lag the plate voltage. The lag im plate current 
causes an apparent inductance to develop in series with the tank cirevit. The apparent increase ia 
inductance causes a reduction in the resonant frequency of the tank circuit, thereby maintaining fre- 
quency stability. If the frequency of the tank circuit tends to fall below the crystal frequency, the 
impedance of the crystal becomes capaciive, and the vollage developed across R2 leads che voltage at 
the plate of VIB. This causes the plate current of V1B to lead the plate voltage. ‘Ti p apparent capaci- 
tance reduces the total capacitance of the tank circuit. The deereased capacitance of the taak circuit 
tends to merease the resonant frequency to 328 ke, thereby maintaining frequcney stebilitv. Rzos 
relatively smal] compared to other grid resisiors so that a sinall change i hmpedance of Y1 will be 
sufficient to correct the frequency of the tank circuit. ‘The output signal is taken from the junction of 
C8 and C9, which act as a capacitive yoliage divider, to provide a sigual of the correct amplitude to V2. 
During replacement of tubes, C7 provides protection for mamtenance personnel and the plate supply of 
Vi. In the process of removing or inserting tubes, contact between the crystal terminal and givund 
might pince the repairman between the plute supply and ground if it were not for C7. Also, a shorteu- 
erystal holder could ground the ptate supply. ‘The output from the junction of C3 and C2 is applied 
to paraphase amplifier V2 where it is used in the production of the 00-yard marke The output froma 
the cathode of Vi A is fed to amplifier V5 for use in the generation of the calibrator sy! » pulses. A chauge 
in temperature of a crystal will cause its ouput frequency te very. In order to reduce frequency drift 
that may occur due to changes in ambient temperature, the crystal is mounted in a temperature-con-1, 
controled oven. The oven has a beating element built into it. Mounted externally from the even, 
and thermally shielded from it, is a thermistor R67 (RT!) and « limiting resistor Ri. The thermistor 


tw 
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is in parallel with the heating element, and poth are in series with Ri. As che ambient temperature 
decreases, the resistance of the thermistor increases, thus causing more curretn to flow through the 
heater clement. Conversely, as ambient temperature rises, the resistance of K67 decreases, and more 
current is shunted past the heater clement, resulting in less heat being generated within the oven. The 
temperature of the erystal, and hence its frequency, is held constant by the action of the thermistor. 

b. Paraphase Amplifier V2. The 328-ke oscillator output is applied to the grids of V2, which is u 
twin triode wilh both see:ions connected in parallel. The plate load consists of R7 and RQ, and the 
cathode resistauce consists of R12 and R13. Since the plate load and cathode load are equal. sine 
waves, equal in amplitude but opposite us phase, appear at the plate and cathode for a given input signal 
These signals are applied througl eapacilors C5 and C6 to the phase-shifting networks. F wed bias 
for ¥2 is obtained from voltae divider R8-RS1. Parasitic suppressor R64 damps oscillations which 
tend to be set op between V2A and V2B. R6i and C4A form a decoupling network 

ce. Phase-Shifting Nebeork B52. 
split into four phases, each phase being in quadrature (90° out of phase 
‘The phase of the output may be set by positioning (he brush arm of R. 
780° out of phase. Capacite: C13 is selected so that its re 
RIG, Capacitor C1 is selecied so its reactance at 328 ke 
tion of the phase ing network is identical to that discussed in. paragraph sc. of this text. As the 
brush arm of 5 i completely around, the phase of the voltage will be shifted through 360°. 
‘Shis voltage is fed te puise-forming amplifier V3A and is used to determine the tine at whieh the 5u0- 
yard markers occur in retation to the calibrator syne pulses. ‘The adjustment of R52 is accomplished 
during calibration procedure and will be covered in TM 8-5000-23. 

d. Pulse-Formin. Amptifiers V3A and V3B. The ke sine wave from R52 is applied to VA. 
The plate cireait of Vo contains @ coil which resonates with capacitance in the cirenit at a frequency 
higher than tie inpit freqneney. ‘The action of the grid circuit of V3B causes V8.A to produce a square 
output. Durie the positive half-cyele of the output of V3A. grid current flows ja V3B. This 
tnicromicrofarad capacitor, from the resonant circuit, decreasing the resonant 
frequency, This « hause bn resonant freque s to flatten the positive extremity of the waveform, 
Bnring the negate half-eycle CR7 conduets, again removing 37 from the resonant circuit and flar- 
tening the negative exteeme. During the interval when the output of VRB is not at either extreme, 
that cirenit resonates at its natural frequency. The result is a rapid change from: one extreme to the 
other, ‘The square wave which appears at the grid of V3B is clumped negative with respect to ground 
hy Cli, which is charged negatively during the positive extremity of the waveform. ‘Phe signal at the 
grid of V3A is further squared by V3B. ‘The 328-ke square wave, which appears at the plate of V3B, 
is applied to differentiator C18-R20. Crystal CR2 serves to bypass the transformer during the charg- 
ing of capacitor C18 (when V3B is cut off). When V3B conducts, CIS is discharged rapidly throu 
transformer ‘T2, producing negative pips. ‘These negative pips, inverted by T2 and appearing 560 
calied the MISSILE 500-yard markers. ‘These markers are applied to the video ampli- 
fier of the missile range-error detector during range calibration. 

1. Phase-Shiffirg Network Bad. Potemtiometcr R52 functions in the same manner as Ra 
mine the phase of the input to V ki is used to determine the time that the target 500-vard 
markers ecur it reletion lo the calibrator syne pulses produced in the range calibrator. . 

fo Pudse-Porming Amplifiers ViA and VB. V4A and V4B are identical in operation to VBA ant 
VaR. ‘Phe TARGET S00-yard markers from d3 are applied to the target range error detector for use 
during range calibration, 

a. Amplifier V3. The positive portions of the 328-ke sme waves are clipped at the input to V5 by 
al CRA and Uimited by CRS. During the positive half-cyele, CR4 is conductive and CR5 is non- 
conductive, so no signal is developed across R28. During the negative half-cyele, OR¢ is nonconduetive 


In the phase-shifting network, the opposite-phased input signals are 


iwith the two adjacent phases. 
2. ‘Phe two mpuis from V2 are 
Ske is equal to the resistance of 


tance at + 


equal to the resistance of RUE Phe opera- 


is teave 


way. 


Ss Ck. and 


remov 


yards apart. ar 


2 to deter- 
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and CRé is conductive, resulting in a signal being developed across R28. The signal is squared by cut- 
off limiting in V5, and the resultant square wave is applied to Y6A for use in triggering multivibrator 
V7 and to V6B for use in the gating circuit. 

h. Cathode Follower VéA. ‘The square wave from V5 is differentiated by resistor R31 and capacitor 
C27, The resulting pulses are applied to the grid of VéA. Tube V6A is biased near eutoil by its large 
cathode resistor. he negative pips resulting from the differentiation at the grid of V6A will cut off 
the tube, thereby producing very small negative pips at its output. The positive pip at the grid of 
V6A will produce a large positive pulse at the cathode. The positive pulse at the cathode of V6A is 
applied to the cathode of Y7A through coupling expacitor C29 aad is used to synchronize multrvibrator 
V7 with the oscillator VE. 

i, Multivibrator V7. Multivibrator V7 las a free-running frequency of slightly Jess than 1,000 eps 
Tt is synchronized with the oscillator by the pulses from tube V6OA. Assume that during one portion 
of the evele that V7A is cut off and V7B is conducting at saturation. When the grid of V7A rises 
sufficiently (C35 has charged throng! R35 and R38} to permit V7A to conduct. The resultant drop 
in plate voltage is coupled to the grid of V7B through capacitor C31. ‘This, in turn, will reduce the 
current throngh V7B and cause its phic voltage to rise. The rise in plate voltage of V7B is coupled 
to the grid of V7A through capacitor C35. where it will cause the current through V7A to further ine 
crease, ‘This action is regenerutive until VFA is conducting at seturation and V7B is cutoff. The grid 
of V7B begins going positive. but unlike a conventional multivibrator, rises in a manner similar te a 
ele oscillator. Retard coil Lt de! the rise of voltage: and instead of the voltage decreas- 
ing tn an exponential manner, a quarter-cycle of oscillation takes place. ‘Phis metiod causes the 
voltage at the grid to be decreasing at a very rapid rate as it approaches the cut-ol! value of the tube. 
much more accurate timmy Uat can he obtained with a conventional multivibrator, 
During the time that the grid of V7B is going positive, the positive pulses at the cathode of VTA eause 
positive pulses at the plate of V7A. These pulses are being coupled to the grid of VIB. As the grid 
of V7B approaches the cut-off value, one of the positive pulses will drive the grid of VIB. positive 
cnough to cause ¥7B to conduct, “This causes a drop in the plate voltage of V7B. whieh is in synel 
nisin with the input pulse. ‘Che drop is coupled to V7A, and the tubes assume their original condition 
(V7B conducting, V7A cut off}. The drop in voltage at the plate of V7B is used in the generation of a 
4.5anicrosecond gate in Z5 and VSA. The duration of the second half-cycle is controlled by the dis 
charge of C30 through R35. 

j. Delay Network Z5 and Amplifier V>.A. Daring the portion of the nmltivibrator exele when VFB 
is cut off, the capacitor in delay network Z5 charges through crystal CR6 and resistor RBS. The po- 
tential at terminal 3 of Z5 Uius rises gradually, and the inde selectively short-circuited. 
When, because of the regenerative action of the muldvibrator cirenit, V7B is driven into condne 
and the potential at the plate of V7B drops rapidly so that the potential drop at terminal 3 of Z5 
transmitted almost entirely to terminal 2 of Z5. 


quarter 


This provid 


"0- 


ance of 


Since terminal 2 is near ground potential while the 
capacitor is changing, it must now assume a negative petential equal in magnitude to the potential drop 
at terminal 3 during the switching action. ‘The series-resonant cucuit composed of the capacitance and 
inductance of Z5 starts to oscillate. ‘The potential at terminal 2 
potential slightly positive with respect to ground, at which Gme CR6 conducts and grid current dlows 
in VS.A. This 
in the delay nctwork are selected so that amplifier VSA is held cut off for 4.5 microseconds by the negative 
quarter-cycle of oscillation. A positive square wave (where leading edge is coincident with one of the 
calibrator pips at the output of V5! appears at the plate of V8A. This signal is applied to galing circuit 
V6B, where it is used to gate the next succeeding pip. 

k. Gating Cireuit V6B. The output of V5 is differentiated by C28 and R46, and the pulses which 
result are applied to V6B. A positive potential from voltage-divuder R43 -R44 is applied to Che cathode 


St 


simosoidally until i reaches a 


short-circults the inductor in Z5 and further oscillations are damped. ‘The components 
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of V@B and holds it cnt off. Neither the amplitude of the input from VSA nor the amplitude of dhe 
input from V5 is greet crowsh to overcome the cut-off bias. When the positive output of VSA and a 
positive pulse from VS are coincident, the combined amplitude overcemes the bins and a positive pip 
appears at the cathode V6B. Since the gate from VSA occurs at abou 1.000 cps, an output is obtained 
from V6B at the same rate. The positive pulse is coupled through C25 and is used to tngger blocking 
oscillator V8B: 

L. Blocking Oscillator VEB. Between pulse: V8B is held cut off by the negative potential developed 
by voltage divider R59-R60. “The positive pulse from the cathode of V8.4 overcomes this bins. Current 
Hlow threugh the plate winding of ‘T] causes a negative pulse to appear at the phite of VSB. A positive 
coltage is induced across the grid winding and is applied to the grid of the black oseillaiar, The plate 
current increases because of the increasing potential at the grid. ‘This regencrative yetion catises the 
plate current to rise rapidly to saturation. Daring this action grid current is drawn, and ratacitors 
C35 and C36 become charged. When the blocking oscillator reaches saturation, plate enrren 
to increase and the magnetic field about the plate winding of ‘TY no fonger expands. “Uhus, no voltage 
Will be indueed in the grid winding of Tt. ‘This drop in potential at the grid results ins iecrease i plate 
» funetion of current, the field about the plate whidies will collapse 
‘This collapsing ficld induces a volias 


SOUSES 


current. Since a magnetic field i 
becaise of the decrease in plate current through the winding. 
across the grid winding of reverse polarity, driving the grid in a negative direeuwn, ‘The state is driven 
rapiily below entoff and plate current ceases. ‘The negative charge on eapuritor C36 is applied te the 
graf VSB, driving VSB far below cutoff. ‘The capacitor then discle sto the potential developed 
by Rou-Rae. ‘The sigaal at the plate of Vs is i k ‘The outputs at Pt and 13 are the 
: v calibrator syne pulse live O.25-micreseeond pulses which occur at 


are pe 
as the 


vrator syne pulses 
state of about 1G00 eps. ‘These pulses are used 


fe unit asseinblies of botin dhe missile and 


lancet radar during range calibration. 


37. Range Calibration Control Circuitry 


23h 


cand fig. $1.1). In order to perform range calibration, 
Ly Tibrator syne pulses and (he 500-yard markers to be applied 
lo the cieeniis of the mange system. These relays are controlled by ZERO-NORMAL-RANGE 
CALIBRATE switch Ss and TEST-OPERATE switch S12. ‘These switches are located ut the target 

a be in the RANGE CALIBRATE position and S12 


got range system must be in aided-imnanual or manual 


a. Target Range Sustem (sb: 


use the 


verhaly Le tnust be operated to 


console. To perform range calibration 
nanst bein (he PEST position. In adeit 
get console control drawer is cnergized. 
srough Ki} contacts of MAN-ALD relay RUZ, 53 and 
ed. the output from the statee of the 2.000-yard CALIBRATE 
(Sh 32) of the target 


operation. Wher these conditions ex 
S-volt 


Current fiows from Uie minus * 


Seto ground. When Kad is energ: 


inhly is applied to terminal 7 


svneheo contrel transtormer in Che nuige unit ass 
range coupling unit. This synchro produres a null every 2.000 yards and will drive the range servoniotor 
util iC is positioned at its nearest wall point. ‘The cange SLEW switch naiy then be used te roughly 
e will be provided by the 2.G00-vard CALIBRATE SYN- 
CIERO which will drive the range to multiple 2,000 yar With Siz still in PEST, $3 in RANGE 
CALIBRATE, and the range syste i maneal os aided-manual. relay KT in the p k generator 
in (he range unit assembly will be energized. “Phis substitutes the calibrator syne pulses for the pre- 
mbly to range phan- 


position the range system. Fine positier 


nye is 


knock pulses. The calibrator sene pulses ace applied frons 15 of range unit ass 


tastron V6 in the range mark ger 


rator and to the main gate generator in Che titling wave generator. 


‘Phis causes the tracking range mark at the output of the range unit assembly to be synchronized with. 


the outputs of the range calibrator. ‘The trackmg range mark is used in the generation of the 45-vard 


causes the rrage gate to eccur in synchronise: with the 
2 also ener 


range gate tit the range error detector. T 
outputs of the range calibrator. 


and 


e relay Ki in the range error detector. Whe 
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K1 is energized, the 500-yard markers are amplified by VI3A, Vi4, and V15, and are used as video signals 
to canse the range error channel to produce d-e range error signals which may be read oa the RANGE 
ERROR meters in the radar range and receiver cabinet when the swiich between the meters is in the 
METER position. The 560-vard markers are not applied to the video and noteh mixer because of the 
action of K}. Therefore, the 500-vard markers are not displayed on the tracking indicators. The 
markers are ulso applied to the ATC channel of the range error detector. The outputs of the ATC 
channel and the range error channel are used to cause the ATC unit to extinguish the COAST | 
when one of the 5u0-vard markers is in the range gate. This is necessary because there is no other 1m 
of determining wheuier the range gate is exactly centered on a 500-yard marker og completely off sine: 
they are nol displayed on the tracking indicato: 

b. Missile Range Sustem (Sb 38B.1). The m 
the same manner as the target rane tem. The system must be in manual or aided-manual operation 
so that relay R2 is emerged. ZIERO-NORMAL-RANGE CALIBRATE switch 
emihe RAN ABRATE position, and TEST-OPERA 
so This will eaergize relay KIL in the missile console: control diay ei 
serator, and relay K1 in the missile range error dete ctor Relay AGL is che control 
000-vard CALIBRATE 
wnt. Relay KT on the range mark generator applies the 


pr 


2s 


ssile range system is prepared for calibration im much 


Soon the missile 


switch SE mitst 
relay KI 


control drawer iost 
be in the TEST posi 
in the range mark ¢ 
drawer connects the voltage from the 


oto the missile rarige coupling 


ssile 560-vard markers to the video amplifier 


in the range error detector. The range crror output of the missile range error detector may be read on 
the missile RANGE ERROR meter in the radar range and receiver cabinet. The ATC outputs of the 
missile range error detector will extinguish the COAST light on the missile consule when a G00-yard 
marker is coincident with the range gate. 
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PART TWO 
TARGET TRACKING RADAR PRESENTATION SYSTEM 


CHAPTER 10 
INTRODUCTION 


38. General 

The target radar presentation system provides visible indication of video signals in three coordi- 
nates— azimuth, elevation, and range. This information is used in manual or aided tracking of a 
target and supplies helpful information during auiumatic tracking. The PPL and PI indicetors ere 
not considered @ part of the target presentation system; however, since these indicators are lucated in 
tho target consele, a brief discussion of their presentation will be inchuded iu this text. Their detailed 
functional operation and cireuit analysis may be found in TM 9--5000-9, “Acquisition Radar Circuitry,” 
paragraph 13 and chapter 6. There are two PPI (Plan Position Indieator) indicators in the Nike sys- 
tem, one in the battery control console and the other in the target console. ‘The two scopes present 
the same image from video signals originating in the acquisition radar. The indicators give position 
of targets in terms of slant range and azimuth. Two range sweeps are provided for cach scope, & 
60,000-yard range and a }20,000-yard range. ‘The operators of the two indicators may choose either 
range with a selector switch located on the indicator; however, during operations it 1s desirable that 
both the target-tracking radar operator and the acyuisition radar operator use the same range, Bolb 
scopes present all targets within the aree scammed by ihe aequisilion radar; and froin these targets, 
acquisition operator selects the target Lo be tracked by the target-t racking radar. The controls pro- 
vided enable the acquisition radar operator to move the twe lines appeuring on the scope, the movable 
range circle and steerable azimuth line. These lines are moved to intersect over tte target to be tracked. 
After the target has been designated, the target operator operates the ACQUIRE switch on his console, 
and the target radar automatically slews in ‘azimuth and range to the position indicated on the seope 
by these intersecting lines. The PPI indicators also present an electronic cross whose center indicates 
the position of the target. radar in avimuth and slant range coordinates. Thus, when e target is being 
tracked by the target radar, the center of the electronic cross will indicate the position of that target. 
There are two precision indicators in the Nike system, oue with each PPI indicator. The indicators 
show different. images. The indicator lecated in the target console will be discussed in this section. 
This indicator presents an arce around the target being tracked covermg a sector of 5,000 yards in 
range and 30 degrees in azimuth. Two stationary lines appear on this scope, a vertical azimuth line 
and @ horizontal range line. When a target is being acquired, or automatic tracking is being used, 
this precision indicator is helpful in manual or aided tracking of a target. This prescutation is an ex- 
panded view of the area appearing around the electronic cross on the PPI indicator. 


ae 


39. Presentation System Block Discussion 
(fig. 7-1.1, Sh 29) 
a. The target radar presentation system is made up of threo indicator units which provide target 
azimuth, elevation, and range information for a 5-inch cathode-ray tube in the fori of an A-type pres- 
entation. ‘This information is used by the correspouding operators seated ia front of the indicators at 
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the target console. By their presentation the indicators assist the operators in manual or aided tracking 
of a target. The three indicators are identical with the following exceptions: their coordinate data 
dials, the information supplied to them, and the output connections of the video amplifier. These con- 
nections are the same for azimuth and elevation but are reversed in the range indicator. The reason 
for this is explained in paragraph 41c(1) of this text. The three indicators, along with the video error 
signal pancl, comprise the target radar presentation system. 

6. The azimuth and elevation operators carry out the tracking operation by observing the polarity 
and amplitude of the error pips (fig. 10). 


AZIMUTH AND ELEVATION AZIMUTH AND ELEVATION AZIMUTH ANI) ELEVATION AZIMUTH AND ELEVATION 
L 


OFF-NORMA: OFF-NORMAL OFP-NORMAL SEL-SI¢ 
(OFF TARGET ABOVE OR (OFF TARGET BELOW (ON TARGET NO ERROR} (OFF TARGET ABOVE OR 
TO THE RIGHT) OR TO THE LEFT) TO THE RIGHT) 
mee 
AZIMUTH AND ELEVATION AZIMUTH AND ELEVATION RANGE 
SEL-SIG SEL~SIG 
(OFF TARGET BELOW OR {ON TARGET NO ERROR) 
TO THE LEFT) 


Pigure 10. Target-tracking radar scope presentation. 


‘The pips will appear positive for a pointing error above (or to the right) aud will appear negative for an 
error below (or to the left) of the target. ‘The operators position 1he antenna so as to minimize the 
amplitude of the pip. The range operator tracks the target by ceniering the target pip in the movable 
100-yard range notch. A 500-yard area of the sweep ix which the 100-yard notch is centered is expanded 
for more accurate centering of the target pip. The 500-yerd expanded sweep and the sum video and 
notch eppear on all three indicators. ‘The sweep length can be veried continuously from 20,000 to 
100,000 yards, while the 500-yard expanded section occupies a constantly proportional space on the 
total sweep length. 

¢. The IMAGE SPACING switch on the front of each indicator is kept in the OFF or NORM 
{normal position). The SEL SIG (selected signal) position was used on earlier type indicators to elim- 
inate confusion caused by unwanted signals overlapping the signal being tracked. With the IMAGE 
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SPACING switch in the SEL SIG position, the sweep on the indicator will be unblanked only during the 
period of the 500-yard expanded portion. 

d. A coarse and fine coordinate dial appears on the front of each of the tracking indicators. The 
azimuth and elevation dials are calibrated in mils, with the coarse dial reading from 0 to 64 in hundreds 
of mis and the fine dial reading from 0 to 100 mils. The range dials are calibrated in yards so that the 
course dial reads from 0 to 100 in thousands of yards and the fine dial reads from 0 to 1.000 yards. 

e. The cabling of the signal inputs to the indicators js so arranged that they can be used as test 
oscilloscopes in conjunction with the test amplifier and the test probe. These two units and their usage 
may be found in TM 9~5000-i2, Chapter 1, Section IIT. 

f. Figure 7-1.1 is a block diagram of the target presentation system. From observation of this figure, 
it can be seen that all three indicators are identical units, although different information is supplied to 
each unit, resulting in @ different presentation for each. 
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CHAPTER {1 
TRACKING INDICATOR UNIT AND VIDEO ERROR SIGNAL UNIT 


40. Block Diagram Discussion 

a. General (8g. 7-11). ‘The track indicator unit consists of a video ampliier, a sweep generator, 
cathode-ray tube, associated controls, and, though not illustrated here, a@ coarse and fine synehro re- 
ceiver. The inputs to the range indicator are: the preknock pulse from the target synchronizer, ihe 
three-microsecond expansion pulse from the Tange error detector, and the sum video and noteh, o!so 
from tie range error detector, For the azimuth and clevation dicators, tie inputs are: the preknosk 
pulse, the three-micresecond expansion pulse, the video error signal, and the sum video and not-h 
from the video error signal unit (these appear alternately), and the 500-cps sweep-switching square 
wave, also from the video error signal unit. 

b. Sweep Channel (fig. 7-3.1). The preknock pulse triggers the one-siiot multivibretor cireuit con- 
sisting of tubes VI and V2 in the sweep generator unit, ‘The output of the multivibrator is a sqiare 
wave whose negative portion has a duration of 653 microseconds. This period is equivalent to 160,000 
yards of range, plus the 24-microsecond delay between the preknock and syne pulse. The negative 
square wave cuts off switching tube V3A, permitting sweep capacitors C3 and C11 to discharge Usrouzh 
constant current pentode V6. This discharge voltage, applied through eathode follower V3B and 
sweep aniplifier V4 {o the horizontal deflection plates of the eatLode-tay tube, produces a leftto-riehs, 
sweep. ‘The 3-microseeond pulse, amplified by expansion pulse amplifier V5, increases the conductivity 
of discharge pentode V6, which increases the discharge rate of sweep capacitors C3 and Cli for 3 nu 
seconds, expanding a portion of the sweep representing 500 yards. 

ec. Unblanking Amplifier (fg. 7-5.1). In the OFF or NORM positions of switch Si, unldanking 32 
obtained for the full 658 microseconds by applying the negative squese wave from the multivibrater 
in the sweop generator to the unblanking amplifier unit. In the SEL SIG postion of the swiich, the 
beam is unblanked only during the period of the 3-microsecond expansion vulse, thus only a 560-yard 
sector will be shown on the indicator. Clamper V2 in the unblanking amplifier unit maintains the con- 
trol grid of the cathode-ray tube at a constant r ce level, 

d. Video Amplifier (fig. 7-10.1). 

(1) When used with the range indicator, the sum video and noteh are amplified by tube Vi and 
applied through cathode follower ¥2A and push-pull amplifiers V3-V4 to the vertical deflec- 
tion plates of the cathode-ray tube. 

(2) For the azimuth and elevation indicators, the input at jack JL is the sum video and notch and 
the error signal. These two signals appear alternately; 4 is, after one preknock pulse the 
sum video and notch will eppear; after the next preknock pulse the error video will appear, 
andsoon, ‘These signals are from the video error signal panel. The input at P1~3 is a 500-cps 
symmetrical square weve and is epplicd to the paraphase amplifier V4. ‘This signal will 
cause alternate sweeps to be displaced vertically on the indicator. The upper of the two 
baselines thus established will have the sum video and notel superimposed on it. The error 
signal will appear on the lower baseline directly below the sum video. 

e. Coordinate Data Synckros and Dials (Sh 36). The dials and synchros are localed on the lower 
center of each indicator. Observing from the front of the indicator, the fine synchro is on the left and 
the coarse synchro is on the right. Each is driven by an associated synchro trasnmitier in the corre- 
sponding data unit. 
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f. Video Evrar Signal Panel itis. 
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. Indicator Detailed Schematic ais 
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Figure 11. Track sweep generator multivibrater, simplified diagram. 
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Figure i2. Track surep generator sweep circuit, simplified diagram, 
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C2A and VA te the negative side of CL 19, and from the posit 
through V2B to plus 450-volt suppl: “Dube V2A replaces the normal grid-is-greund re 
of ViB, and tube V2B bypasses resistor RS, the plate luad of VIA. To prevent tube 
from operating as a free-remiing reultiv V2A is biased by a voltage divider cons 
of resistors R11 and R12 se that the g i Vif can rise to the same positive potential as its 
cathode — T ures chough plate current in V iB to produce sufficient voltage drep across 
for sie to Beep: ViA eat of MAX Sv een Ks Se E potentiometer 
istapce hi their 
age ail HUsUReAL of potentiometer R9 deterinines the Gime at wher ithe s i 
acbon of the multivibrator will occur. It can thus be seen that the setting of porrndomoter RG 
determines the duration of negative portion of the output signal 


ite! 
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which cuts off the switch tube V3A. As capacitors C3 and C11 discharge, the cathode voltage 
of V3A is lowered until the grid-to-cathode voltage permits conduction. ‘The point x 

capacitors C3 and C11 cease to discharge is determined by how much negative grid + 
on V3A must be overcome. Inductance L1 in the plate circuit of V5 causes overshnotin 
the beginning of the 3-microsecond pulse to compensete for the opposite curvature introduced 
by the sweep amplifier tube V4. Crystal CRI damps out any oscillations that may oerur 
nerass Ll. Crystal CR2 prevents any positive signals from appearing at the grid of Vi, EXP 
WIDTH ADJ potentiometer R42 varies the sereen voltage of ¥5 and, thus, amplification of 
the stage. If the arm of potentiometer R42 is moved toward terminal 3, the screen voltage 
rises and the amplification of the stage is increased. As the amplification of the pulse is in- 
creased, the 500-yard section of the sweep is further cxpanded on the seope. ‘Puening poten- 
tiometer R42 the opposite direction will cause the expanded sweep to become narrower, 
Switches Si and $2 are used to remove C10 and Cli from the it in order lo praduee a 
sweep of shorter duration when the indicator is used with the miss -iracking radar. 

(4) Sweep amplifier (fig. 7-4). The sweep voltage is applicd from the plate of tube V6 to the anid 
of tube V3B. From the cathode of V3B, the sweep voltage is applied through capacitor C4 
and resistors R17 and Ri8 to the grid (pin 2) of V4. From the plate (pit 1) of this section 
of V4, the positive-going sweep voltage is directly coupled to the right horizontal deflection 
plate of the cathode-rey tube. Cathode coupling of the two sections of tube V4 produces a 
negative-going voltage at the other plate (pin 9) of V4. This voltage is directly coupied to the 
left horizontal plate of the cathode-ray tube. LH CENT potentiometer R1s varies the arid 
bias of V4A by tapping off a varying amount of the positive cuthode voltage developud by 
cathode follower V3B. If the arm of the potentiometer is moved toward termina! 1, the volt- 
age on the grid of V4A rises, the current through V4A increases, the average plate potentint 
of V4A decreases, and the voltage at the plate (pin 9} of V4B decreases. Thus, the sweep on 
the cathode-ray tube is displaced to the left. 

{5) «Astigmatism correction (fig. 7-13.12), ASTIGMATISM potentiometer R33. connected from 
plus 250 volts to ground, varies the potential on the second anode of the cathode-ray tube, 
This action eliminates the defoeusing effect appearing in one deflection plane and not the 
other by adjusting the static Potential difference between the deilection plates and the second 
anode. 

3. Unblanking Amplifier (Gigs. 7-5.1 and 76.1). The unbleaking amplifier provides unblanking of 
the horizontal sweep of the indicator for the period of the sweep. When IMAGE SPACING « 
is in the OFF or NORM position, the sweep is unblanked for the full sweep. When the switch is 
SEL SIG position, the sweep is unblanked only during the 3. rosecond expanded portiai 
the IMAGE SPACING switch Si is in the NORM or OFF position, S1B connects the ney "€ Sil 
from the cathode of the multivibrator in the Sweep generator to doth grids of tube V1 in the anblanking 
amplifier. The positive output at the plate of tube V1 is coupled through capacitors C2 and C3 to the 
control grid of the eathode-ray tube. The positive portion of this signal at the plate of Vi will permit 
conduction of the cathode-ray tube, and the negative portion, which oceurs during retrace, will cut off 
the cathode-ray tube. When switch Si is in the SEL SiG position, the 3-microsecond expansion pulse 
is applied to tube V1, with resultant uublunking only during the periwl of the pulse. Tube V2 clamps 
the negative extremity of the output to a voltage determined by the setting of the INTENSITY 
potentiometer Rid. (See fig. 7-13.13 

c. Tracking Video Amplifier. 

(1) General (fig. 7-10.1). The video amphiier amplifies and applies the sum video and notch and 
the image spacing signal to the vertical deflection plates of the indicator. When this unit is 
used in the range indicator, only the video and notch azo apolied to it through jack Ji. This 


£ 
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signal comes from the range error detector. When used with the azimuth or elevation indi- 
cator, it has applied alternately at jack J1 the video and notch and the error signal. The 
image spacing signal is applied at P!-i. These signals come from the video error signal panel. 
The connections from E1-A end EJ-B to the vertical deflection plates of the cathode-ray 
tube are reversed when this unit is used with the azimuth or elevation indicator. ‘This is 
done because the sum video and uotch are inverted in the video error signal panel. This 
unit is located on the indicator chassis. 

Video amplifier V1 and cathode- follower V2A (fg. 7-111). The video and notei: (or the error 
signal alternately) is applied through jack J1, capacitor C1, and resistor R3 to th: contro! znd 
of tube Vi. This tube is a class “A” amplifier. Tbe inductor L1 in the plate circuit, along 
with the unbypassed cathode resistance, improves the video response of the circuit. The signals 
developed at the plate are coupled through capacitor C3 to the grid of the eathode-follower V 
VIDEO GAIN potentiometer R6 controls the amount of degeneration in the cathode circuit 
of Vi and, thus, the gain of the stage. Resistor R1 and capacitor C2 form a decoupling net- 
work, while resistor R3 is a parasitic suppressor. W CENT potentiometer R9 in the grid circuit 
of tube V2A controls its static grid voltage and, thus, the cathode voltage. The cathode of 
V2A, in turn, is directly coupled to the control grid of V3. A given level of grid voltage for 
¥3 will control its static plate potential and, since the plate of this tube is connected directly 
to one of the vertical deflection plates, the setting of R9 will determine the vertical centering of 
the trace on the scope. 


(3) Vertical amplifiers V3 and V4 (ig. 7-111}. Tube V3 amplifies and inverts the signals supplied 


to it by V2A. These are then applied to the lower defiection plate of the indicator, Assume 
that a positive signal appears at the control grid of V3. The signal at the plate of V3 would 
then be negative while the signal appearing at the cathode will be positive. This signal at the 
cathode of V3 is directly coupled to the cathode of V4, causing a positive signal to be developed 
av the plate of V4. The plate of V4 is connected to the upper vertical deflection plate of the 
cathode-ray tube. Therefore, the signals appearing at the deflection plates are :80 degrees 
out of phase. When used with the elevation or azimuth indicator, the 500-cps inage spacing 
signal is applied through P1-3, across VERT SPACING potentiometer K31, through resistors 
230 and R17 to the control grid of tube V4. This signal is » square wave, cach alternation 
having a period of 1,000 microseconds. From the preceding discussion, it can be seen that this 
square wave will be applied to the deflection plates. One alternation of the image spacing 
signal will occur with each horizontal sweep, cansing alternate sweeps to be displaced vertically. 
‘The video and notch will be superimposed on the upper baseline and the error video on the 
lower baseline. VERT SPACING potentiometer R31 controls the amplitude of the image 
spacing signal applied to the grid of V4 and thus tho distance between the two baselin 
Resistors K29 and R30 forra a voltage divider that will determine the static grid vohtage o 
V4. Inductors L2 and L3 provide high frequency compensation for V3 and V4. 


42. Video Error Signal Panel 


a. General (fig. 7-8.1). The video error signal panel provides a switching arrangement of tie elevation 
and azimuth error signals and the sum video and notch for presentation on the indicators. Tus swileluns 
enables the azimuth and elevation operators to track a target manually or aided by ebserving the indi- 
cators, as explained in paragraph 396. The unit has four inputs, preknock from the target synchronizer, 
sum video and notch from the range error detector, and the azimuth and elevation error signals from the 
respective angle error detectors. The unit has three outputs, the image spacing signal, the sum video 
and notch and azimuth error video, and the sum video and notch and the elevation error video. (Refer 
to Sh 29 for signal distribution.) 
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Phis yeton, teniesl of muhivibrators, exusi iuet heavily and the ether to he 
Assume, in this jnitial couditisn, tu thig and V3B is cut off. The current 
nronoh cathode or R13 by VBA is sui PRL Ca eatise A Vollage drop across resistor R13 
zi ta keep V3T: cut aff since R13 is the commen called» resistor for both VA aud V3R. 
‘The mubtivilretor iil vemain in this condition wnti coring pulse is applied through diodes V2A 
ent V2Bo 0 The preknock pulse is applied to both of thes: diode 
> diac: - ts hiased so that ifs plate Sten (hy y 
wel pass. V2B can conduet. how 


Bebe 


@ tobe wit 


roadeet 


‘She diode connected to VA. in 
tive with respect te its cathede chat 
2 of, and the negative Wigger is applied ws Uie 
+ deevensed cordluction of V3A causes its plate voltage wo rise. ‘Phis ose is ¢. tpled 
Hof VBE through capacitor C5. This voltage ceuses V3B to conduct and its plate voltove 
hy deezcase. “Fhe deerease in plate voltage is coupled uircugh capacitor Co ta tie grid of tube VA. 
us Wecatiee voltage farthor reduces the conduction of VOR i 
tacos, aetion present, which results in tube Vad 
‘Phe conduction of tube VRB is suflictent to cause a voitage dro resister RIS that will keep V5A 
rut off neck pulse ocenrs at 1,000-tnie: pad intervals, tie peri! of a fall evcie of 
Appearing al cither plate of tube V3 vuli be 2,000 inieroseconds. ‘Pha output sqaure 
© plate of V3B, taken from the junc: sistors RQ and R1¢, is 180 de grecs aut of phase 
with thet taken fom the plate of V3A (the junction of re se R7 and RS). ‘Theo pul of tube V3A 
is applied through tors CLi and C16 to the wilds of the azimuth and elevation gaie generators 
VEX ard VSA, respecuvely. The output of VaB is coupled through eapacilors C15 and Ci? ow ¢ 
tits of Va and VSP vectively, and is ulso coupled Uwough capacitor C'S in the grid of catiode 
f. dower V: Pubs VIB is referred to as the switching cathode follower since } apples to the in- 
fs, tbe square wrve of which accomplis Hehing action ip the presentation scheme of 
vatiaters. “Phe ines of both ine azimuth wid ihe 
cieators, 
What Ve leo and Noth and Azimuth Error Video Suiie ag. The azimuth angle error video signals 
fra ¢uleo puiscs, which are variable in arapliunle and whi be either positive ar nega- 
‘nrity, eppear at jack J2. These pulses are applied tironzh capacitor C8 to the conts oi grid 
of VTA. This tube inverts the pulses without changing heir amplitude and applies them 
jester C12 to the control grid (pin F) of tube V5B. The negative sum video und the p 
pearing 2: jack IG i : i (pin 5) of tube 
ss estubboved carlier that the square wave ip en tie grid of tabe Vit is i860 de- 
ost phase with that appearing on the grid of V4B. ‘Phe negative excursien of the square wave 
AVENE Cs! Pet A VAN wilt cut off AVA. The uegative portion of the sqnare wave applied to te 
ged of $48 will pra the same result. Therefore, when V conducts, VAB will be cut off, and 
vive vers. Sanee rese tor RSL is 2 common cathode resistor for both V4A and VSB when V&A. 
i arent drawn Uiough resistor R51 will produce a veliage drup that ss sufficient to ous off 
ng this sume time, tube V4B is cut off and draws ue current though resisior HAG. ‘There 
as alowed ic conduct. Conversely. when V4B consi . VAA is cut if, rias permitting 
siciuch and eniting off VgA. Thus, there is a Faung action present which alternately allows 
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conduction of VSA and ViB. Since slates of both VSA and VSB sha 


G48), only oue out put comes frosm tube V5, end it can be called a gated mis : con- 
duetion of the two sections of tube ¥5, th als appearing at the contrei grid of rabe V6 will alter- 
e sum video and notch and azinmih error video, oceurring 1,000 microseconds apart. As tt 
witenna azimuth ervor mereases, the amplitude of either the positive or the negative error pulses w 
increase accordingly. The two sections of cathode follower V6 are connected ia parallel to meet the 
power requirements of the cireunt. The two sections of the tube V6 cause a quiescent current of ap- 
proximately 50 milliamperes so as ta permit a maximum of plus or niduus ovo voits ouiput to the co- 
axial cable. This results in a 15- to 55-milliampere conduction of the tube which Keeps tac operating 
characteristic of the slage linear. 

d. Elevation Error Video and Sum Vid.o and Notch Switehing. The operation of the elevation channel 
is identical to shat of the aziinuth chanuel previously discussed, and reference to entical circuits wal 
suffice for an expiznation. The elevation error pulses from the elevation angle error detector enter at 
jack J3 ard are coupled through capacitor C13 to the vontrol grid (pin 7) of urbe V7B. OT. VB in- 
verts the pulses without changing the amplitude and epplies them through capacitor C31 to the contre! 
grid of V98B. The sum yideo and notch are applied to the control grid of VOA through capacitor C19, 
Here the elevation and the sum video are mixed as in the azimuth channel. The signais appearing ut 
the eonmon plate load resistor 65 are applied through capacitor C29 to the grids of cathode follower 
Vi0. Phe output, taken at the cathode of V10, is apydied to the video amplifier in the elevation indi 
cator. BALANCE potentiometers R3t and R43 in the cathode circuits of tube V4 anc VS, respeo- 
tively, should be set for approximately suidrange. They no longer serve as a balancing func ion in the 
modified video error signal panel. 
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WARNING NOTICES 


Authority for release of this document to a foreign government must 
be secured from the Assistant Chief of Staff, Intelligence, Department of 
the Army. 

When this document is released to a foreign government, it is released 
subject to the following conditions: This information is furnished with the 
understanding that it will not be released to another nation without specific 
approval of the United States of America, Department of the Army; that 
it will not be used for other than military purposes; that individual or 
corporation rights originating in the information whether patented or not 
will be respected; and that the information will be afforded substantially 
the same degree of security as afforded by the United States of America, 
Department of the Army. 


This document contains information affecting the national defense of 
the United States within the meaning of the Espionage Laws, Title 18 
U. S. C., sections 793 and 794. The transmission or the revelation of its 
contents in any manner to an unauthorized person is prohibited by law. 
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